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The first line of medical defense in wartime is the combat 
medic. Although in ancient times medics carried the caduceus 
into battle to signify the neutral, humanitarian nature of 
their tasks, they have never been immune to the perils of 
war. They have made the highest sacrifices to save the lives 
of others, and their dedication to the wounded soldier is 
the foundation of military medical care. 
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Foreword 


Highly skilled soldiers, sailors, airmen, and marines in today's military services possess 
knowledge of weapons systems that requires considerable training to acquire. These 
combatants are difficult to replace should they become severely injured during conflict or 
training. Providing the best medical care possible to America's military sons and daughters 
and returning these highly trained individuals to duty are, therefore, dual needs of 
paramounf imporfance. Rehabilifafion plays an essenfial role in fhe refurn to duty through 
both exercise, which prevents contractures, and beginning ambulation at the earliest 
possible time after injury, which prevents the deleterious effects of bedresf. 

Lieufenant Colonel Howard A. Rusk, MD, fhe US Army Medical Corps officer in World 
War 11 who introduced active rehabilitation into Army Air Corps hospitals, and one of fhe 
founders of modern rehabilafative medicine, observed fhaf "men did nof get ready for full 
dufy playing blackjack or lisfening fo fhe radio.was apparent to physicians in World 
War 1 and World War 11 that physical rehabilitation was supremely important. In order to 
return to duty, aggressive therapies were necessary soon after injury. For those unable to 
return to duty immediately, early rehabilitative intervention prevented the effects of 
immobilify and maximized fhe pafienfs' funcfional pofenfial. 

Rehabilifafion musf be fhought of as a confinuum of care spanning fhe fime from shortly 
after injury to full funcfional resforafion. It is a common misconception that rehabilitative 
care should be relegated largely to Veterans Affairs hospifals. This argumenf has been made 
in fhe pasf, buf we need only look af historical experience fo realize fhat rehabilifafion musf 
begin soon affer injury—while fhe pafienf is sfill being freafed in milifary hospifals. During 
World War 11, for example, fhe army esfablished ampufafion cenfers where fhe highesf 
qualify rehabilifafion could be provided. But in 1946 the Special Exhibit Committee for 
Rehabilifafion sfafed: 

Delay in inaugurating rehabilitation procedures is the most frequent cause of failure. If there 
is too much delay in instituting a program of rehabilitation, muscular atrophy, fixation of joints, 
and mental depression may progress to a point at which complete restoration becomes 
impossible. 

Far too often the hard-earned lessons of war are forgoffen befween conflicfs. Physical 
medicine and rehabilifafion developed as a specially as a direcf consequence of fhe greaf 
conflagrafions of fhe fwo world wars. Alfhough medical science has progressed af a 
phenomenal pace, more fhan 50 years have elapsed since fhe lasf book of rehabilifafion 
specifically regarding war injuries. Rehabilitation of the War Injured, was published in 1943. 
If is filling fhaf fhe vasfly improved diagnosfic and fherapeufic rehabilifafion infervenfions 
be consolidafed in fhe Textbook of Military Medicine, a series fhaf will consfifufe an encyclo¬ 
pedia of combaf casually care. For fhis reason, fhis fexfbook. Rehabilitation of the Injured 
Combatant, will be a valuable reference for fhe physicians and allied providers who care for 
fhose who are injured while fighfing for our nafion. 


Lieufenanf General Ronald R. Blanck 
The Surgeon General 
U.S. Army 

April 1998 
Washington, DC 

1. Rusk HA. The growth and development of rehabilitation medicine. Arch Phys Med Rehabil. 1969;Aug:463-466. 
Editorial. 

2. Special Exhibit Committee on Physical Medicine of the American Medical Association. Exhibit on physical 
medicine: Physical therapy, occupational therapy and rehabilitation. Arch Phys Med. 1946;Aug:491M98. 
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Preface 


This nation has no more solemn obligation than healing the hurts of our wounded and restoring 
our disabled men to civil life and opportunity. The Government recognizes this and the 
fulfillment of the obligation is going forward fully and generously.... It is merely the payment 
of a draft of honor which the United States of America accepted when it selected these men, and 
took them in their health and strength to fight the battles of the Nation. They have fought the 
good fight; they have kept the faith, and they have won. Now we keep faith with them, and 
every citizen is endorser on the general obligation. 

—Woodrow Wilson^*’’''* 

These words from the past ring as true today as they did in 1919. It is the responsibility 
not only of our nation but also of the medical corps of all the services to ensure the very best 
care possible for all combatants. This best possible care includes the responsibility to 
provide the highest-quality rehabilitative care when a soldier, sailor, airman, or marine has 
sustained a potentially disabling condition. For this reason, a textbook on rehabilitation is 
considered essential by the Borden Institute. 

Rehabilitation traces its roots to the two world wars. The tremendous needs of injured 
combatants with amputations, severe hand injuries, spinal cord injuries, brain injuries, 
burns, and nerve injuries stimulated development of this field, which includes physiatry 
(physicians specializing in rehabilitation), physical therapy, and occupational therapy. As 
modern warfare has drastically improved its lethality, medicine has also improved its 
ability to save lives. But during their recuperative phase, almost all those with war wounds 
need at least strengthening to prevent complications of immobility, and range of motion 
exercises to prevent contractures. 

Medical literature is replete with textbooks on the rehabilitative care of civilians. This 
textbook, however, focuses on the aspects of care that are specifically related to wounds 
sustained through combat and military training, for almost all of these require some 
component of rehabilitation to ensure full functional restoration. The textbook is published 
in two parts and organized into three sections. The first section introduces the field of 
rehabilitation, its history, and its functions in the modern military. The second section, the 
largest and most comprehensive, deals with injury-specific rehabilitation: of burn wounds, 
nerve injuries, spinal injuries, the special problems of amputees, and so forth. The authors 
of these chapters produced comprehensive treatises far beyond any preconceived expecta¬ 
tions. They have captured the essence of modern rehabilitation and its application to the 
military. The chapter on preventing complications of immobility is an important contribu¬ 
tion; all military physicians and healthcare providers must understand these important 
principles. The third section deals with exercise and training in ways to prevent injuries, yet 
maximize performance and strength. In addition, the army's medical boarding system has 
been outlined admirably and will guide the reader through this complicated system. 

In the modern military services, which make substantial investments in training their 
personnel, vocational restoration encompasses returning to active duty. Depending on the 
needs of the military, the current national situation, and the special skills possessed by the 
injured combatants, rehabilitation to the point of return to duty can be an important source 
of force reconstitution during a conflict. 
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(Preface continues) 


The efforts of the two specialty editors of this textbook, Timothy R. Dillingham, MD, and 
Praxedes V. Belandres, MD, Colonel, Medical Corps, U.S. Army, have made this two-part 
volume a reality, and 1 thank them for their determination to provide nothing less than the 
best for those in their care. Rehabilitation of the Injured Combafanf is a welcome addition to the 
Textbook of Military Medicine series. This volume symbolizes the armed forces' commitment 
to providing the finest rehabilitative care possible to those who "fought the good fight" in 
service to their nation and in so doing sustained grievous injuries. 


Brigadier General Russ Zajtchuk 
Medical Corps, U.S. Army 

April 1998 
Washington, DC 

1. Wilson W. Epigraph. In: Harris G. The Redemption of the Disabled: A Study of Programmes of Rehabilitation for 
the Disabled of War and of Industry. New York, NY: D. Appleton and Co; 1919: v. 


The current medical system to support the U.S. Army at war is a 
continuum from the forward line of troops through the continen¬ 
tal United States; it serves as a primary source of trained replace¬ 
ments during the early stages of a major conflict. The system is 
designed to optimize the return to duty of the maximum number 
of trained combat soldiers at the lowest possible echelon. Far- 
forward stabilization helps to maintain the physiology of injured 
soldiers who are unlikely to return to duty and allows for their 
rapid evacuation from the battlefield without needless sacrifice 
of life or function. 
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Chapter 9 

PERIPHERAL NERVE INJURIES 


MICHAEL D. ROBINSON, M.D.*; and PHILLIP R. BRYANT, D.O."'' 


INTRODUCTION 

EPIDEMIOLOGY 

PERIPHERAL NERVE ANATOMY AND PHYSIOLOGY 
PATHOPHYSIOLOGY OP NERVE INJURIES 
END ORGAN CHANGES POLLOWING DENERVATION 
MECHANISMS OP NERVE INJURY 

ELECTRODIAGNOSIS OP PERIPHERAL NERVE INJURIES 

REHABILITATIVE MANAGEMENT OP PERIPHERAL 
NERVE INJURIES 

CAUSALGIA (COMPLEX REGIONAL PAIN SYNDROME, TYPE-II) 

UPPER EXTREMITY NERVE INJURIES AND ENTRAPMENT SYNDROMES 

NERVE INJURIES AND ENTRAPMENT NEUROPATHIES 
IN THE LOWER EXTREMITY 

NERVE INJURIES OP THE POOT AND ANKLE 

CONCLUSION 


Formerly, Major, Medical Corps, U.S. Army, Director of Research, Physical Medicine and Rehabilitation, Walter Reed Army Medical Center, 
Washington, DC; and Assistant Professor of Neurology, Department of Neurology, Division of Physical Medicine and Rehabilitation, Uni¬ 
formed Services University of the Health Sciences, Bethesda, Maryland; currently. Assistant Clinical Professor, Department of Rehabilitation 
Medicine, Mt. Sinai School of Medicine, New York, New York 10029 

^Formerly, Major, Medical Corps, U.S. Army, Physical Medicine and Rehabilitation, Walter Reed Army Medical Center, Washington, DC; 
currently. Professor and Chairman, Department of Physical Medicine and Rehabilitation, East Carolina University School of Medicine, 
Greenville, North Carolina 27858-4354 
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INTRODUCTION 


Nerve injuries are likely to have occurred since 
the most ancient of recorded battles. Blunt and lac¬ 
erating trauma to nerves was almost certainly in¬ 
flicted in alarming numbers in early hand-to-hand 
combat. It is probable that upper extremity periph¬ 
eral nerves, including the brachial plexus, were 
common sites of injury in fhese ancienf conflicfs. 
Mechanized warfare of fhe currenf cenfury has also 
resulfed in nerve injuries ranging from mild, iso¬ 
lated nerve trauma to severe injury at multiple sites. 
Many nerve injuries occur directly from blunf 
frauma or lacerafions, while ofhers are secondary 
complicafions due fo fracfures or comparfmenf syn¬ 
drome. 

Combat-relafed nerve frauma was well docu¬ 
mented in World Wars I and 11, as well as in Korea 
and Vietnam. The experience of neurosurgeons in 
World War 1 was recorded by Pollock and Davis.^ 
Their fexf, which contains information on periph¬ 
eral nerve anatomy, as well as technical methods of 
nerve exposure, mobilizafion, fransplanfation, and 
sufuring, was a popular reference for general 
surgeons and neurosurgeons involved in World 
War 11." 

Woodhall ef al" note that the most important les¬ 
son learned from fhe World War 11 experience in 
managing peripheral nerve injures was applicafion 
of early nerve repair. Delay was abandoned in fa¬ 
vor of prompt exploration within 21 to 90 days af¬ 
ter nerve insult in all nerve injuries where any doubt 
existed regarding spontaneous regeneration. The 
World War II experience taught neurosurgeons that 
concomitant soft tissue, bone, and vascular injuries 
critically affected the timing and techniques of 
nerve repair. 

Elecfrodiagnosis was in ifs infancy during World 
War II. Alfhough it was recognized that it had po¬ 
tential in helping to identify fhe disfribufion and 
severify of nerve lesions and in defecfing changes 


associafed wifh regeneration, electrodiagnosis was 
only marginally available to physicians during 
World War II. In addition, at that time, the machines 
and techniques for assessing nerve integrify were 
unsophisficafed and limifed in fheir applicafions. 
A substanfial number of soldiers in fhe Persian Gulf 
War who were freated by milifary physical medi¬ 
cine and rehabilifafion services were also nofed fo 
have susfained peripheral nerve injuries.^ Many of 
fhese soldiers suffered profound and somefimes 
mulfiple nerve damage. Alfhough some recorded 
nerve injuries sfeadily improved wifh fime, some 
were so severe fhaf reinnervafion acfivify and func¬ 
tional return were markedly compromised or non¬ 
existent. 

Proper management of peripheral nerve injuries 
requires an undersfanding of fhe disfribufion and 
funcfion of nerves, fhe mechanisms of nerve injury, 
and an appreciafion of fhe regenerafion process. If 
is imperafive fo asfutely examine fhe pafient fo ob¬ 
tain the clinical clues necessary for accurafe diag¬ 
nosis. Defecfion and localizafion of nerve injury can 
be complicafed in fhe presence of multiple addi¬ 
tional trauma such as fractures or vascular compro¬ 
mise. Carefully planned and performed elecfrodi- 
agnosfic sfudies based on fhe hisfory and examina- 
fion offer addifional diagnosfic and prognosfic in- 
formafion. 

Among fhe most important aspects of care is 
proper rehabilifafion of nerve injuries, regardless 
of whefher surgical intervention is required. Reha¬ 
bilitation of nerve injuries invariably requires an 
inferdisciplinary approach in order fo obtain opti¬ 
mal nerve recovery and function. A physiatrist, neu¬ 
rosurgeon, neurologist, orthopedic surgeon, or plas¬ 
tic surgeon, as well as physical therapist, occupa¬ 
tional therapist, and vocational specialist, are 
among the team members typically involved in the 
rehabilitative effort. 


EPIDEMIOLOGY 


Registries of peripheral nerve injuries compiled 
during fhe World Wars have shed imporfanf lighf 
on fhe severify of injuries, disfribufion of nerves 
injured, and associafed injuries. Ouf of nearly 
175,000 casualfies susfained by American Expedi¬ 
tionary Forces in World War I, 3,129 injuries—nearly 
2% of fofal baffle injuries—were documented nerve 
injuries. Statistical analyses were performed on 
2,390 of these, focusing on fhe nerves mosf com¬ 


monly injured. Injuries severe enough to warrant 
surgical exploration accounted for approximafely 
45%. A majorify, 55%, were felt to be of lesser se¬ 
verify and operative intervention was not under¬ 
taken. Of fhe 1,088 operafive cases, 266 were found 
fo be in af least partial continuity. All told, 66% of 
nerve injuries were parfial, fhat is, fhey were nofed 
fo be anafomically or funcfionally in confinuify. 
Thirfy-four percenf were complete injuries (Table 9-1) 
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Peripheral Nerve Injuries 


requiring surgical coaptation. 

Injuries of the sciatic nerve accounted for 23%; 
radial nerve, 21.5%; peroneal nerve, 17%; median 
nerve, 11%; fibial nerve, 1.5%; ulnar neuropafhies, 
21%; and nonspecified, 5% (Table 9-2).^ 

The incidence of peripheral nerve injuries among 
fhose injured in combaf during World War II has 
been esfimafed fo be somewhaf higher fhan during 
fhe firsf World War. Spurling and WoodhalP sug- 
gesfed 5% fo 8% [assuming 500,000 World War II 
approximafely 30,000] fo be more likely. Similar fo 
World War I, fhe percenfage of nerve injuries severe 
enough fo warranf surgical explorafion was jusf 
under 50%, a rafe consisfenf in bofh fhe Mediferra- 
nean and European fheafers. A represenfafive cross 
secfion of cases fhaf required surgical explorafion 
when freafed in fhe Mediferranean fheafer revealed 
fhaf 40% had complefe injuries, 24% had parfial in¬ 
juries, and 36% were in confinuify. When combined 
wifh fhose cases nof severe enough fo require sur¬ 
gical explorafion, nearly 80% manifesfed funcfional 
or anatomic confinuify. Surgical reconsfrucfion was 
warranfed in only 

In fhe European fheafer, 6,245 peripheral nerve 
injuries were observed befween D-day and V-E day. 
Again, 2,873 or 46% were severe enough fo warranf 
surgical explorafion. Of all nerve injuries, 1,528 or 
25% required surgical reconsfrucfion. Nerve inju¬ 
ries in anatomic or funcfional confinuify comprised 

75%5(p248) (ggg 


TABLE 9-1 

SEVERITY OF NERVE INJURIES 


Severity 

World War 
I(%) 

World War 
II* (%) 

World War 
II+(%) 

Complete 

(Explored) 

34 

20 

25 

Partial 

(Not Explored) 

55 

50 

54 

Partial 

(Explored) 

11 

30 

21 

Total partial 
nerve injuries 

66 

80 

75 

Percentage 
of all injuries 

2 

5-8 

NR 


NR: not recorded 

Mediterranean Theater, World War II 
^European Theater, World War II 


TABLE 9-2 

PERCENTAGE DISTRIBUTION OF PERIPH¬ 
ERAL NERVE INJURIES 


Nerve 

World 

Warl 

World 

War 11* 

Persian 

Gulf'' 

Ulnar 

21 

28 

12 

Radial 

21.5 

20 

11 

Median 

11 

15 

18 

Musculocutaneous 

NR 

0.75 

NR 

Axillary 

NR 

0.75 

NR 

Brachial Plexus 

NR 

8.5 

10 

Sciatic 

23 

8 

7 

Peroneal 

17 

11 

16 

Tibial 

1.5 

3 

8 

Femoral 

NR 

2.5 

2 

Saphenous 

NR 

1 

NR 

L/S Plexus 

NR 

NR 

10 

Cranial 

NR 

NR 

3 

Not Specified 

5 

1.8 

3 


NR: not recorded 

Mediterranean Theater, World War II 
^Physical Medicine Service, Persian Gulf War 


In fhe Mediterranean theater, injuries to the ul¬ 
nar nerve were most common, accounting for 28%; 
radial nerve, 20%; median nerve, 15%; peroneal 
nerve, 11%; sciafic nerve, 8%; brachial plexopafhies, 
8.5%; fibial nerve, 3%; femoral nerve, 2.5%; saphe¬ 
nous nerve, 1%; musculocutaneous nerve and axil¬ 
lary nerves each, 0.75%; and nonspecified, 1.8% (see 
Table 9-2). Mulfiple nerve injuries were common, 
wifh an incidence ranging from 8% fo 20%.® The 
upper exfremify manifesfed multiple nerve injuries 
more commonly than the lower extremity. 

Data from fhe Mediferranean fheafer revealed 
compound fracfures fo be associafed wifh periph¬ 
eral nerve injuries in over one fhird of fhe cases. 
Humeral fracfures were associafed wifh radial, 
median, or ulnar nerve injuries 40% of fhe fime. A 
similar percenfage of forearm fracfures was relafed 
fo nerve injuries. Assessmenf of all nerve injuries 
requiring surgical correcfion also showed a 33% rafe 
of associafion with fractures (Table 9-3). 

Vascular injuries not severe enough to cause gan¬ 
grene were associated with 21% of all nerve inju- 
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TABLE 9-3 

RATES OE CONCOMMITANT 
INJURIES WITH PERIPHERAL NERVE 
INJURIES IN WORLD WAR II* 


Injury 

Percentage 

Compound fractures 

33 

Humeral fractures 

40 

Radial/Ulnar fractures 

39 

Vascular injuries 

21 


Mediterranean Theater, World War II 


ries sustained in the Mediterranean theater (see 
Table 9-3). A lower rate of 8% was documented when 
casualties undergoing surgical intervention from all 
fheafers and fhe zone of fhe inferior were examined. 

In fhe 1990 Persian Gulf War, a subsfanfial num¬ 
ber of soldiers, who were freafed by Physical Medi¬ 
cine and Rehabilifafion services, susfained periph¬ 
eral nerve injuries. Nerve injuries were associafed 
wifh 68% of penefrafing wounds, 67% of ampufa- 
fions, and 58% of fracfures. The high percenfages 

PERIPHERAL NERVE AN 

Neuroanatomy 

The neuron is the fundamental anatomic unit of 
fhe peripheral nervous sysfem (Figure 9-1). Each 
neuron consisfs of a cell body (soma), dendrifes, and 
an axon. The cell body confains fhe nucleus, numer¬ 
ous mitochondria, and essenfial apparafus for fhe 
producfion of sfrucfural profeins. Neurofubules and 
microfilamenfs are fransporfed disfally and provide 
fhe edificial consfrucf fhaf imparfs rigidify to fhe 
relafively fluid axon. Neurofransmiffers are also 
produced in fhe cell body and are fransporfed along 
fhe axon fo synapfic boufons. 

Dendrifes are branching appendages emanafing 
from fhe cell body. The mulfiple phalanges and small 
spines provide an immense surface area wifh which 
fo inferface wifh and receive sfimuli from ofher neu¬ 
rons. The chemical signal imparted fo fhe dendrifes 
is fransformed info an elecfrical signal. The mem¬ 
brane pofenfial courses fhrough fhe cell body, where 
all fhe numerous inpufs summafe, allowing for con- 
frol of neuronal discharge along fhe axon. 

The axon is an extension of fhe cell body fhaf 
arises from fhe axon hillock. The hillock is devoid 


likely reflecf fhe referral pattern of fhe populafion 
seen by fhe Physical Medicine and Rehabilifafion 
service. Elecfrodiagnosfic evaluafion was fhe pri¬ 
mary reason for referral in 40%. 

In fhe Persian Gulf War, median nerve injuries 
were mosf common, comprising 18% of injuries. 
Peroneal nerve injuries followed af 16%; ulnar nerve 
injuries af 12%; radial nerve injuries af 11%; bra¬ 
chial plexopafhies af 10%; lumbar plexopafhies af 
10%; fibial nerve injuries af 8%; sciafic neuropafhies 
af 7%; femoral nerve injuries af 2%; and cranial neu¬ 
ropafhies af 3%^ (see Table 9-2). 

While sfafisfics conveying fhe magnifude of com- 
baf-relafed nerve injuries are essenfial, one musf 
also consider fhaf even larger numbers of nerve in¬ 
juries and neuropafhies freafed during fhe world 
wars were nof susfained during baffle. When 
radiculopafhies are included wifh all ofher periph¬ 
eral nerve injuries and nerve-associafed pain dis¬ 
orders, over 34,000 admissions were logged during 
World War II fhaf were nof baffle related.® The cu- 
mulafive loss of manpower and producfivify be¬ 
cause of such disorders likely imparted on effec- 
fiveness and readiness of fhe fighfing force. Thus, 
a sound undersfanding of bofh fraumafic and 
afraumafic nerve injuries is essenfial for compre¬ 
hensive managemenf fo be underfaken. 

□MY AND PHYSIOLOGY 

of myelin and is likely fhe summafion poinf for 
neuronal impulses.^ Axon lengfh varies from a few 
millimeters fo several feef. Classically, nerve fibers 
have been divided info unmyelinated and myeli¬ 
nated groups based on fhe characferisfics of axonal 
ensheafhmenf. The inexfricable intercellular rela- 
fionship befween axons and Schwann cells becomes 
apparenf af fhis level. Developmenfally, Schwann 
cells originafe from neural cresf cells.® The cells de¬ 
velop wifh fhe exfending neurons. Characferisfi- 
cally, 8 fo 15 unmyelinafed fibers are circumfer- 
enfially surrounded by a single Schwann cell, each 
200 fo 500 pm in lengfh.^ A column of Schwann cells 
encases fhe enfire lengfh of fhe fiber group. The 
boundaries of individual Schwann cells are diffi- 
culf fo discern due fo fhe myriad inferdigifafing 
cyfoplasmic phalanges binding fhe adjacenf cells 
fogefher. Fiffy percenf fo 80% of all nerve fibers are 
unmyelinafed. 

Anafomically, myelinafed fibers differ from un¬ 
myelinafed fibers in several ways. One axon is sur¬ 
rounded by one layer of Schwann cells. The cyfo- 
plasm of each Schwann cell becomes attenuated and 
wraps repeafedly around fhe axonal segmenf. Ulfi- 
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Fig. 9-1. The neuron, including dendrites, soma, and 
myelinated axon. Adapted with permission from Terzis 
JK, Smith KL. The Peripheral Nerve: Structure, Function and 
Reconstruction. New York: Raven Press; 1990. 


mately, a multilayered, laminated, lipoprotein 
sheath is formed. The myelin layer divides the neu¬ 
ron into segments ranging from 0.1 mm fo 1.8 mm 
in lengfh,® each forming an infernode. These infer- 
nodes are high resisfance, low capacifance insula¬ 


tors fhaf greafly enhance fhe speed wifh which an 
impulse propagafes down fhe lengfh of an axon. The 
unmyelinafed, infersegmenfal focuses, fermed 
nodes of Ranvier, are highly specialized appara- 
fuses uniquely suifed fo effecf salfafory conducfion 
(Figure 9-2). Sigworfh^“ nofed fhaf af fhe nodes, 
large concenfrafions of volfage-sensifive sodium ion 
channels are presenf. The Schwann cell collar sur¬ 
rounding fhe edges of fhe node are rich wifh mifo- 
chondria and may provide fhe energy mechanism 
necessary for funcfion of fhe ionic pumps. 

Impulse Propagation 

Rapid fluctuations in ionic concentrations trav¬ 
eling along the axolemma predicate neuronal sig¬ 
naling. Embedded in the cell membrane are ion 
channels, selectively permeable to potassium, so¬ 
dium, and chloride as well as other ions such as 
calcium (Ca++^ (Figure 9-3). Movement of ions 
fhrough fhese channels allows for fhe esfablishmenf 
of an elecfrical pofenfial across fhe cell membrane. 
A predominance of pofassium (K+) channels allows 
a relafively large concenfrafion of K+ fo diffuse 
along ifs concenfrafion gradienf ouf of fhe cell. The 
diffusion of K+ is held in check by fhe elecfrical 
forces generafed by impermeable anions frapped 
inside fhe cell, which evenfually affracf fhe K+ back 
info fhe cell. An equilibrium befween fhe opposing 
forces is esfablished. The cell membrane is also per¬ 
meable fo Na+. The concenfrafion gradienf for Na+ 
is opposife fhaf nofed for K+. High exfracellular 
concenfrafions of Na+ follow fhe gradienf and are 
affracfed info fhe cell. The anionic forces wifhin fhe 
cell also draw Na+ ions inward. A deluge of Na+ 
rushing info fhe cell is prevenfed by a relafively 
lower permeabilify of fhe cell fo Na+ ions. How- 


Fig. 9-2. The node of Ranvier. Myelin 
sheaths form collars at either end of the 
node, replete with mitochondria, 
which facilitate impulse transmission. 
The basement membrane limits ionic 
diffusion in areas adjacent to the node. 
Adapted with permission from Terzis 
JK, Smith KL. The Peripheral Nerve: 
Structure. Function and Reconstruction. 
New York: Raven Press; 1990. 
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Fig. 9-3. The passive fluxes of Na+ and K+ into and out of the cell are balanced by an ATP-dependent Na+-K+ pump, 
which drives Na+ out of the cell and K+ into the cell. Adapted with permission from Koester J. Membrane Potential. 
In: Kandel ER, Schwartz JH, Jessel TM, eds. Principles of Neural Science. 3rd ed. Norwalk, Conn: Appleton and Lange; 
1991:87. 


ever, as Na+ flows in, the intracellular fluid becomes 
less negative and the more freely permeable K+ is 
driven out of the cell. A steady state is reached with 
the electrical gradient across the membrane hold¬ 
ing near -60 mV. While the general flux of Na+ and 
K+ are balanced ionically, concentrations must be 
held in check, otherwise all the intracellular K+ 
would be depleted, and the ever-rising intracellu¬ 
lar Na+ would eventually reduce the membrane po¬ 
tential and permanently depolarize the cell. Main¬ 
taining the membrane potential requires energy as 
Na+ and K+ are respectively pumped out of and 
into the cell against their concentration gradients. 
The Na+-K+ ATPase (adenosine triphosphatase) 
dependent pump extrudes three Na+ ions from the 
cell for every two K+ it brings into the cell.The 
larger number of ions purged is incompletely off¬ 
set by the ease with which K+ diffuses back into 
the cell. An equilibrium is reached at a resting mem¬ 
brane potential near -70 mV. 

Any factor changing the careful balance of ionic 
flow into or out of the cell will lead to a rapid change 
in membrane potential. In addition to the nongated 
ionic channels previously mentioned, the cell mem¬ 
brane also possesses gated ionic channels. While it 
has not been completely elucidated, that gating 
mechanism is thought to be positively charged 
molecules coupled to the lipid matrix that repel 
cations. Any change in the electrical potential across 
the membrane will alter the relative strength of the 
gate (ie, as the inside of the cell becomes less nega¬ 
tive, the gate becomes relatively less positive, and 
its repellent force is diminished). 

Tremendous increases in Na+ permeability oc¬ 
cur as the membrane potential becomes less nega¬ 


tive (Figure 9-4).The gated ionic Na+ channels be¬ 
come more permeable when the cell is depolarized 
by approximately 7mV (ie, to -63mV).^^Na+ rushes 
into the cell down ionic and concentration gradi¬ 
ents. As the membrane potential approaches -55mV, 
the firing level is attained and complete depolar¬ 
ization of the cell occurs. The Na+ channels quickly 
close following this rapid depolarization, which is 
limited to +45mV. Gated K+ channels then open. 





Fig. 9-4. The action potential results from the opening 
and closing of voltage gaited Na+ and K+ channels. 
Adapted with permission from Koester J. Voltage-Gated 
ion channels and the generation of the action potential. 
In: Kandel ER, Schwartz JH, Jessel TM, eds. Principles of 
Neural Science. 3rd ed. Norwalk, Conn: Appleton and 
Lange; 1991: 110. 
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Fig. 9-5. Local changes in polarization (2) change the rela¬ 
tive concentrations of ions across adjacent areas of the 
neuron (1,3). Depolarization will spread in both direc¬ 
tions. During normal function however, diffusion of 
out of the region, which has already been depolarized 
(3), balances the local influence and the region does not 
depolarize or propagate the impulse in a retrograde di¬ 
rection. Adapted with permission from Koester J. Pas¬ 
sive Membrane Properties of the Neuron. In: Kandel ER, 
Schwartz JH, Jessel TM, eds. Principles of Neural Science. 
3rd ed. Norwalk, Conn: Appleton and Lange; 1991: 100. 


allowing K+ to rush out of the cell, reestablishing 
the resting polarized membrane potential. 

The recorded action potential occurs at one point 
along the cell membrane (Figure 9-5). To propagate 
the impulse, depolarization of adjacenf porfions of 
fhe membrane is necessary. As fhe focus begins fo 
depolarize, if becomes posifive in relafion fo adja¬ 
cenf poinfs along fhe membrane. The focus acfs as 
an anion sink, "sucking" in fhe negafive charges and 
causing fhe adjacenf area fo become less negafive. 
Evenfually, fhreshold is reached and fhe adjacenf 
area fhen becomes fhe focus as if depolarizes. 

The speed and efficiency wifh which impulses 
are propagafed are radically differenf befween un- 
myelinafed and myelinafed fibers. Depolarizafion 
proceeds longifudinally along fhe enfire lengfh of 
fhe axon in unmyelinafed fibers. The segmenfal 
myelin sheafhs found in myelinafed fibers do nof 
allow alferafion in fhe ionic flux fo occur. The im¬ 
pulse is propagafed by jumping from node of Ran- 


vier fo a subsequenf node, allowing for very rapid 
conducfion velocifies, upward of 70 m/s. 

Axonal Transport 

The protracted distance between the cell body 
and the distal reaches of fhe axon poses unique de¬ 
mands on fhe neuron. Energy driven sysfems have 
developed fhaf mainfain consfanf confacf befween 
fhe soma and fhe synapse. Three main modes of 
acfive fransporf along fhe axon have been recog¬ 
nized. 

Fast Antegrade Transport 

Consfanf ufilizafion of neurofransmiffers af fhe 
synapfic cleff and associafed loss of cell membrane 
fhrough pinocyfosis requires rapid and consfanf 
replenishmenf. Maferials, including neurofransmif- 
fer laden vesicles; mifochondria; and membrane 
componenfs (eg, glycoprofeins, glycolipids, lipids), 
fravel along fhe fasf anfegrade fransporf sysfem af 
a rafe of 410 ± 50 mm/day. Ochs and Hollings- 
worfh^^ exhibifed fhe sfrong dependence of fasf 
fransporf on oxidafive mefabolism. Fasf fransporf 
came fo a half in nerves deprived of oxygen by plac¬ 
ing fhem in a nifrogen environmenf for no more 
fhan 30 minufes. 

Slow Antegrade Transport 

Slow fransporf has been delineafed info separafe 
consfifuenfs, a and b.^'^Slow componenf a (SCa) is 
fhe slower of fhe fwo, moving af a rafe of 1 fo 3 
mm/day. Neurofilamenf friplef profeins and fubu- 
lins are fhe principal maferials fransporfed by fhis 
sysfem. Slow componenf b (SCb) fravels more rap¬ 
idly, 3 fo 6 mm/ day. Profeins such as acfin, clafhrin, 
and ofher microfilamenfs are carried by SCb. if has 
been suggesfed by Wujek and Lasek^® fhaf SCb is 
fhe rafe-limifing sfep in axonal regenerafion follow¬ 
ing nerve injury. The elemenfs provided by SCb 
form fhe framework for fhe growfh cone as well as 
fhe axon. 

Retrograde Transport 

Transporf of maferials from fhe periphery back 
fo fhe cell body underlies fhree main funcfions: (1) 
deplefed neurofransmiffer vesicles are refurned fo 
fhe cell body and resfored fo full pofency; (2) wasfe 
maferials are cleared from fhe axonal fringes for 
degradafion; and (3) if has also been posfulafed re- 
cenfly fhaf frophic subsfances such as nerve growfh 
facfor (NGF) proceed proximally, providing fhe 
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soma with information regarding the integrity of 
fhe cell. Deprivafion of fhis frophic feedback is felf 
fo be one facfor heralding chromafolysis and fhe 
subsequenf shiff fo regenerafive processes during 
nerve injury.^® The rafe of refrograde fransporf var¬ 
ies from 100 fo 220 mm/day.^^'^® 

Transport Models 

While fhe precise mechanisms of axonal frans¬ 
porf have yef fo be fully elucidafed, several eleganf 
fheories have been developed. Taking info accounf 
fhe parficipafion of microfubules, fhe ufilizafion of 
ATP, and fhe need for Ca++, Ochs^^ consfrucfed fhe 
fransporf-filamenf hypofhesis of fasf axonal frans¬ 
porf. Microfubules form a virfual frack sysfem along 
fhe lengfh of fhe axon. A carrier profein binds fhe 
maferial fo be fransporfed fo fhe microfubules. In a 
sysfem reminiscenf of fhe acfin-myosin sliding fila- 
menf complex ufilized in muscle confracfion, a 
rachefing of fhe carrier profeins, driven by a Ca++- 
Mg++ ATPase, allows fhe maferial fo be passed from 
carrier profein fo subsequenf carrier profein. Fasf 
anfegrade fransporf employs kinesin as ifs frans¬ 
porf profein, while a form of dynein is used for ref¬ 
rograde fransporf. 

In fhe pasf, slow anfegrade fransporf was felf fo 
reflecf perisfalfic waves inherenf fo fhe neuron. 
Ochs and Brimijan^® suggesf in fheir unifary hypo¬ 
fhesis fhaf fhe same sysfem envisioned for 
fasf anfegrade fransporf may also be ufilized in 


slow fransporf. Early defachmenf of fubulins and 
ofher sfrucfural profeins from fhe microfilamenf 
frack mighf give fhe appearance of a slow moving 
wave. 

Architecture of the Nerve 

The trinary layers of supporfing connecfive fis- 
sues, bofh individually and collecfively, safeguard 
fhe neurons from mechanical and biological injury 
(Figure 9-6). 

Fascicular Composition 

The sfrucfural topography of fhe nerve frunks 
imparfs a considerable defense againsf funcfional 
loss. Sunderland^® reflecfs fhaf af fhe roof level, in¬ 
dividual fibers desfined fo become specific disfal 
branches are inexfricably enfwined wifh fibers from 
ofher virfual branches (Figure 9-7). As fhe fascicles 
exfend peripherally, fhe fibers perpefually infer- 
weave, converging and diverging info new and dif- 
ferenf fascicular assemblies. The rafe af which fhe 
confluence of fibers changes remains confroversial, 
ranging from 1.5 fo 2.5 cm.Teleologically, if can 
be suggesfed fhaf fhe plexiform configurafion de¬ 
veloped fo enhance fhe fensile sfrengfh of fhe nerve 
frunk and help profecf againsf mechanical defor- 
mafion. The consfanfly changing posifion of indi¬ 
vidual fibers wifhin fhe nerve also reduces fhe like¬ 
lihood fhaf a focal injury mighf damage a large 



Fig. 9-6. Architecture of the peripheral 
nerve. Connective tissue elements in¬ 
clude the epineurium, perineurium, 
and endoneurium. A mix of myelinated 
and unmyelinated fibers are commonly 
found within the same fascicle. A, B, C, 
and D show cross sections of fascicular 
composition at different levels. Adapt¬ 
ed with permission from Terzis JK, 
Smith KL. The Peripheral Nerve: Struc¬ 
ture, Function and Reconstruction. New 
York: Raven Press; 1990. 
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Fig. 9-7. Illustration of the interweaving plexus forma¬ 
tions observed in a segment of the musculocutaneous 
nerve. Adapted with permission from Sunderland S. 
Nerve and Nerve Injuries. Edinburgh, Scotland: Churchill 
Livingstone; 1978: 32. 


number of fibers desfined fo innervafe a specific 
muscle group or sensory disfribufion. 

Endoneurium. The neuronal complex of axon, 
Schwann cell, and basemenf membrane are sur¬ 
rounded by a loose meshwork of collagen fi¬ 
bers, fermed fhe endoneurium. According fo 
Sunderland,^ fhe endoneurium imparfs some pro- 
fecfion fo fhe neuron againsf sfrefch injury. Ifs ca- 
pacify, however, pales in comparison fo fhaf pro¬ 
vided by fhe perineurium. 

Perineurium. The perineurium, fhe invesfing 
mulfiple layers of connecfive fissue surrounding 
disfincf fascicles, is pivofal in mainfaining fhe in- 
fegrify and infernal milieu of fhe nerve fibers. Two 


fo five layers of flaf, inferdigifafing cells linked by 
fighf juncfions form fhe blood-nerve barrier.^^ Large 
profeins, toxins, anfigens, and infecfious agenfs are 
prevenfed from enfering fhe fascicles. Acfive frans- 
porf of essenfial maferials does occur across fhe 
blood-nerve barrier. The endoneurial fluid pressure 
is also mainfained by fhe perineurium. Inferdigi¬ 
fafing befween fhe lamellae are dense bundles of 
collagen and elasfin fibers.“ The perineurium is 
paramounf in providing fensile sfrengfh and elas- 
ficify fo fhe nerve. The response of fhe nerve fo 
sfrefch has been examined extensively.When a 
nerve is sfrefched, fhe gross undulafion of fhe frunk 
is inifially faken up. Furfher load leads fo sfraighf- 
ening of fascicular meandering. Af fhe limifs of elas- 
fic deformafion, fhe epineurium rupfures. Furfher 
tension leads fo plasfic deformafion of fhe perineu¬ 
rium, all efforfs focusing on mainfaining fhe infeg- 
rify of fhe fascicles. The evenfs following furfher 
loading remain confroversial. According fo Sunder¬ 
land and Bradley,^*’ fhe fluid nafure of fhe individual 
neurons leads fo disrupfion of some fibers prior fo 
disrupfion of fhe perineurium. Haffek^'* alferna- 
fively suggesfs fhaf elongafion of fhe perineurium 
induces a fighfening consfricfion around fhe fas¬ 
cicles, leading fo myelin and evenfually axonal in¬ 
jury. Rupfure of fibers direcfly from fhe increased 
fension occurs af fhe perineurial level before fhe 
endoneurial level. 

Epineurium. The mosf superficial layer is fhe 
epineurium. A loose areolar meshwork of collagen 
fibers, replefe wifh lipid globules provides funda- 
menfal profecfion againsf compressive forces. Terzis 
and Smifh divide fhis sfrafum info fwo componenfs. 
The inner consfifuenf surrounds each fascicle, pro¬ 
viding inferfasicular supporf and profecfion. The 
oufer porfion invesfs fhe enfire nerve frunk.^ The 
abundance of epineural fissue varies along fhe 
lengfh of fhe nerve. Areas wifh larger numbers of 
fascicles generally possess a greater cross-secfional 
area of epineurium. For example, 88% of fhe sciafic 
nerve af fhe glufeal level is composed of epineural 
connecfive fissue, whereas, fhe epineurium com¬ 
prises only 22% of fhe ulnar nerve af fhe medial epi- 
condyle.® If is also nofed fhaf greafer amounfs of 
epineurium can be found af levels where nerves 
cross joinfs. 

Vascular System of the Nerve 

The peripheral nervous system is endowed with 
a multitiered vascular complex that preserves blood 
flow to the neurons even in the face of mechanical 
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Fig. 9-8. The vascular system of the 
peripheral nerve. Vessels from perios¬ 
teum and muscles pierce the epineu- 
rium. Branches enter the fascicles, 
feeding longitudinally aligned vessels 
beneath the perineurium. Vessels con¬ 
necting the perineurial and endoneur- 
ial plexi follow an oblique path. En- 
doneurial capillaries form double U- 
loops, which permit rapid shift in 
blood flow to accommodate changes 
in position, pressure, temperature, or 
injury. Adapted with permission from 
Terzis JK, Smith KL. The Peri-pheral 
Nerve: Structure, Function and Recon¬ 
struction. New York: Raven Press; 1990. 


disturbances. As previously discussed, a constant 
source of oxygen is necessary to sustain integral 
energy dependent systems such as axonal transport 
and impulse propagation. Over the past two de¬ 
cades, the salient works of Lundborg have ex¬ 
panded fhe currenf undersfanding of fhe neural 
vascular sysfem.^®'^^”^® Vascularizafion of peripheral 
nerves can be divided info exfrinsic and infrinsic 
sysfems (Figure 9-8). 

Extrinsic System 

The exfrinsic sysfem incorporafes branches ema- 
nafing from local arferies in addifion fo muscular 
and periosfeal vessels.^® The myriad inpufs permif 
confinuous blood flow during movemenf (eg, frans- 
lafion across moving joinfs). The forfuosify of 
fhe vessels also allows for posifion changes as 
slack is faken up when fhe nerve becomes relafively 
fauf. This rich blood supply becomes increasingly 
imporfanf during mobilizafion and reparafive 
surgeries. Several sfudies have shown fhaf signifi- 
canf fransposifion of several cenfimefers will ulfi- 
mafely nof disrupf blood flow from fhe exfrinsic 
sysfem.^®'®” Branches from fhe exfrinsic sysfem 
pierce fhe epineurium and connecf wifh fhe infrin¬ 
sic sysfem. 

Intrinsic System 

The infrinsic microcirculafion incorporafes fhree 
levels of anasfomofic plexuses, each supplied by 
penefrafing branches from more peripheral levels. 
Longifudinally aligned arferioles and venules make 


up fhe epineurial plexus. Vessels course around and 
befween fascicles. Branches penefrafe fhe oufer lay¬ 
ers of fhe perineurium, supplying flow fo each fas¬ 
cicle. The perineurium provides significanf profec- 
fion fo fhe numerous longifudinally orienfed ves¬ 
sels, inferdigifafing befween fhe lamellae and fhose 
af fhe endoneurial level. The ramifying vessels con- 
necfing fhe perineurial and endoneurial plexuses 
follow oblique courses fhrough fhe innermosf layer 
of fhe perineurium.^^This configurafion mighf play 
an imporfanf role during nerve injury. Lundborg 
suggesfs fhaf in fhe face of rising endoneurial fluid 
pressure, focal ischemia may occur as fhese oblique 
vessels are compressed.The endoneurial microcir¬ 
culafion consisfs of abundanf capillary beds. Seg- 
menfed, longifudinally arranged vessels are linked 
in a double U-loop formafion.^® 

Inferesfingly, blood flow af any level of fhe in¬ 
frinsic sysfem responds fo fhe subfle whims of ex- 
fernal forces. Rapid shiffs in fhe flow pafferns arise 
following change in posifion, pressure, fempera- 
fure, or injury. Thus, efficienf ufilizafion of avail¬ 
able flow is ensured. 

Vascular Innervation 

The sympafhefic aufonomic nervous sysfem in- 
nervafes fhe vasa nervosum. Sfrong sfimulafion of 
fhe sympafhefic chain can lead fo profound vaso- 
consfricfion af fhe neural level. If has been posfu- 
lafed fhaf exfended durafions of increased sympa¬ 
fhefic fone may lead fo abnormal nerve funcfion and 
may play a role in sympafhefically mainfained pain 
syndromes. 
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PATHOPHYSIOLOGY OF NERVE INJURIES 


Classification of Nerve Injuries 

Profound insights into the pathophysiology and 
characterization of nerve injuries were undoubtedly 
spawned by the innumerable casualties sustained 
during World War II. Several systems were devel¬ 
oped in an effort to clarify the seemingly heteroge¬ 
neous clinical presentations of nerve injuries in con¬ 
tinuity. 

Seddon's Classification 

Seddon^^ proposed the division of these injuries 
into three categories. Terms coined by Professor 
Henry Cohen in 1941 were adopted to describe the 
levels of injury: (1) neuropraxia, (2) axonotmesis, 
and (3) neurotmesis. 

Neuropraxia. Neuropraxia (literally: nerve 
nonaction) is characterized by paralysis that occurs 
in the absence of distal degeneration.^' Subsequent 
studies by Denny-Brown and Brenner^ confirmed 
focal demyelination as the underlying pathology. 
Clinical observations at the time suggested that 
large myelinated fibers were more apt to be in¬ 
volved. Motor loss predominates, with diminution 
of vibratory and proprioceptive sensation, the most 
common sensory abnormalities. Less commonly, 
decreased touch sensation may occur and rarely 
is deep pain perception completely abolished. Par¬ 
esthesias are very common and may be the harbin¬ 
ger of returning sensory function. In Seddon's 
study,^' the most common etiology was an injury 
resulting from a compressive force. The time course 
from onset of injury to complete recovery of motor 
and sensory function ranged from 1 week to 6 
months with 10 weeks as the average. Recovery in 
Sunderland's population of radial nerve injuries 
ranged from 17 to 60 days.^^ Recovery is spontane¬ 
ous. Not uncommonly, several weeks of significant 
functional loss will be abruptly supplanted by ex¬ 
ceedingly rapid recovery. 

Axonotmesis. Axonotmesis (literally: axon cut¬ 
ting) suggests an injury to the nerve of such mag¬ 
nitude that distal degeneration occurs. The support¬ 
ing structures: the epineurium, perineurium, endo- 
neurium, and Schwann cells, however, remain in¬ 
tact. In the population studied by Seddon,^' 43% of 
all axonotmetic nerve injuries occurred in the face 
of closed fractures, dislocations, or fracture/dislo¬ 
cations. Compressive injuries ranked a distant sec¬ 


ond at 18%. The manifestations of an axonotmetic 
injury can not clinically be differentiated from a 
more severe injury in the acute setting. Sensory, 
motor, and sudomotor functions of the involved 
axons are abolished. Over time, the excellent levels 
of recovery help to clarify the modesty of the le¬ 
sion. Muscle and sensory return is not as rapid as 
that seen in neuropraxic injuries. The chronicity is 
directly proportional to the level of injury and can 
be approximated by dividing the distance to be tra¬ 
versed from the injury focus to the end organ by 
the rate of regeneration, estimated at 1.5 mm/d.^' 

Neurotmesis. The term neurotmesis (literally: 
nerve cutting) is something of a misnomer. While it 
implies total severance of the entire nerve, it was 
meant to describe an injury in which all functional 
elements have been severely damaged. The epineu¬ 
rium may in fact be intact at visual inspection. A 
remarkable 97% of Seddon's group sustaining this 
level of injury had experienced penetrating wounds, 
whether from gunshots, stabbings, or lacerations.^' 
The prognosis for a neurotmetic lesion is invariably 
poor. Spontaneous recovery is inimitable. Surgical 
coaptation may lead to functional return, although 
resolution of deficits is rarely complete. 

Sunderland's Classification 

Seddon's classification of nerve injuries was a 
bold initiative, enhancing the ability to discern clini¬ 
cally salient degrees of injury. Several ambiguities 
in Seddon's monograph spurred others to develop 
more elaborate classification systems. While com¬ 
plaints regarding the use of obscure Greek deriva¬ 
tives to describe the different levels seem petty 
at this time, more significant shortcomings were 
well founded. Seddon's definition of axonotmesis 
for example, was specific. It asserted the integrity 
of the epineurium, perineurium, endoneurium, and 
Schwann cells. His description of the clinical 
presentation, however, did not match the presum¬ 
ed anatomical distortion. It was suggested by 
Sunderland that in cases where more extensive in¬ 
juries have been sustained (eg, a fusiform neu¬ 
roma),^' the strictly defined category of axonotmesis 
was not truly correct.More precise predictions of 
functional return, the timing of surgical exploration, 
and potential microsurgical reconstruction warrant 
the ability to determine more accurately the sever¬ 
ity of an injury. Sunderland's classification system 
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Fig. 9-9. Representation of Sunderland's five degrees 
of injury. 1: demyelination (conduction block). 2: 
Transection of axon with intact endoneurium. 3: 
Transection of the axon and sheath inside intact 
perineurium. 4: Transection of perineurium, fascicular 
disruption. 5: Transection of the entire nerve trunk. 
Adapted with permission from Sunderland S. Nerve and 
Nerve Injuries. New York: Churchill Livingstone; 1978: 
786. 


was based on detailed anatomical investigations of 
peripheral nerves and nerve injuries. Five degrees 
of injury were defined (Figure 9-9). 

First-degree injury. A firsf-degree injury is syn¬ 
onymous wifh neuropraxia. Focal conducfion block 
is caused by mechanical disrupfion of fhe myelin 
sheafh. The axon and all supporfing sfrucfures re¬ 
main infacf. Wallerian degenerafion does nof occur. 
Recovery is rapid and sponfaneous. 

Second-degree injury. A second degree injury cor- 
relafes with Seddon's strict definition of axon- 
ofmesis. The axon is damaged, buf all supporfing 
sfrucfures, including fhe endoneurium and Schwarm 
cell fubes, escape injury. Wallerian degenerafion of 
fhe disfal sfump begins expedifiously following fhe 
frauma. As fhe architecfural pafhways remain un¬ 
harmed, fhe regenerafing axon has an excellenf 
chance of growing down fhe proper endoneurial 
fube, innervafing fhe correcf end organ. Recovery 
is influenced by fhe level of injury and fhe rafe of 
advancemenf of fhe growfh cone. The Hoffman- 
Tinel sign, fhe provocafion of tingling or lancenating 
sensations caused by tapping superficially on fhe 
sensifive region of a nerve, may be a useful tool 
providing a gross estimate of fhe progress and level 
of axon fip expansion. 

Third-degree injury. Infrafascicular derangemenf 
fypifies a fhird-degree injury. Wifhin fhe uninjured 
perineurium, axonal and endoneurial degenerafion 
transpires. Several potentially confounding ob- 
sfacles may hamper regenerafion. Endoneurial 
edema mighf result from alferafions in vascular 


permeabilify following fhe insulf. The lack of lym- 
phafic channels and fhe perineurial blood-nerve 
barrier prevenf adequafe drainage from fhe infrafas¬ 
cicular space.^^Direcf injury fo fhe endoneurial cap¬ 
illary plexus or obliquely sifuafed feeder vessels 
may result in frank hemorrhage. Vascular sfasis, 
ischemia, and, subsequenfly, fibrosis may block fur- 
fher recovery. 

The loss of endoneurial tube continuity leads to 
a virtual free-for-all, as regenerafing axon fips ex¬ 
tend randomly toward endoneurial tubes at the dis¬ 
tal side of fhe injury focus. An axon may meef wifh 
one of several fafes. If may (a) pass info fhe correcf 
disfal endoneurial fube and innervafe fhe proper 
end organ; (b) enter the wrong distal tube with in¬ 
effectual results; (c) axonal sprouting may lead to 
an axon-endoneurial tube mismatch, with too few 
fubes available fo accommodafe all fhe axons; and, 
again, fhe end organ may never be correcfly inner- 
vafed; or (d) fibrosis and organizing hemorrhage 
may enfangle fhe axon, prevenfing furfher progres¬ 
sion, and local sproufing will resulf in neuroma for- 
mafion. The level of injury also has a profound ef- 
fecf on pofenfial funcfional refurn. As previously 
discussed, fibers desfined fo become specific 
branches are infermingled af very proximal levels. 
Therefore, axons injured af high levels are less likely 
fo regain proper end organ confacf. As more dis- 
fincf branches form disfally, fhe likelihood of suc¬ 
cessful reinnervafion improves. In sifuafions where 
similar muscle groups are erroneously innervafed 
by fhe wrong axons, neuromuscular reeducafion 
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may be extremely beneficial in improving func¬ 
tional recovery. 

As would be expected, the onset of recovery is 
more delayed than in second degree injuries. Com¬ 
monly, recovery is incomplete with persistent sen¬ 
sory and motor deficits that are variable in regard 
to severity. 

Fourth-degree injury. Perineurial disruption, in 
addition to the more internal structures, is the hall¬ 
mark of a fourth-degree injury. Rarely is any useful 
function obtained by spontaneous recovery. Neu¬ 
roma formation is more the rule than the exception. 
Excision of the affected segment and surgical repair 
are invariably necessary for any hope of functional 
return. 

Fifth-degree injury. A fifth-degree injury implies 
complete disruption of the entire nerve trunk, in¬ 
cluding the epineurium. Ironically, an injury of this 
magnitude may in fact lead to a better outcome sur¬ 
gically than a fourth-degree lesion, depending on 
the mechanism of injury. A sharp laceration with 

END ORGAN CHANGES I 
Wallerian Degeneration 

Nerve injuries of magnitudes great enough to 
disrupt the integrity of the axon (ie, second degree 
or more severe) invariably result in stereotypical 
degeneration of nerve fibers distal to the focus of 
injury. This orderly progression was first character¬ 
ized by Waller in 1852“ and has been eponymously 
termed "Wallerian degeneration." The physiologic 
changes occurring can be divided into those involv¬ 
ing the axon, Schwann cells, myelin sheath, and the 
macrophage response. Wallerian degeneration is er¬ 
roneously portrayed as merely a destructive pro¬ 
cess. It is truly an elegant system, initiating the com¬ 
plete destruction of nonviable axonal components, 
removing all waste products, and establishing a fer¬ 
tile environment that may successfully guide forth¬ 
coming regenerating axons (Figure 9-10). 

Axon Changes 

The earliest axon changes are those seen at the 
terminal end of the nerve, in motor neurons at the 
neuromuscular junction. Miledi and Slater^^ dem¬ 
onstrated that an electrical impulse could be propa¬ 
gated along the distal portion of a transected rat 
phrenic nerve for upward of 8 hours. A rapid de¬ 
cline ensued at this point with complete loss of the 
ability to evoke an action potential over the next 
several hours. A strong direct correlation between 


very isolated destruction responds well to early 
surgical intervention. Outcomes following crush or 
stretch injuries parallel those seen in fourth-degree 
injuries and are treated similarly. 

Utility of Classification Systems 

Classifications of peripheral nerve injuries have 
helped define the severity of injuries, have led to 
more precise prognostic evaluations, and have 
guided clinicians toward more rational and appro¬ 
priate treatment plans. It should be noted, however, 
that pure lesions, in which all fibers sustain the 
same degree of injury, are not common. Of 537 nerve 
lesions in continuity evaluated by Seddon,^^ only 
22% were pure. Thus, while gross estimates may be 
made in regard to recovery, the distribution of in¬ 
jury intensity across the inter- and intrafascicular 
levels adds another variable that may impact sig¬ 
nificantly on the return of sensory, motor, or sym¬ 
pathetic function. 

LOWING DENERVATION 

loss of impulse propagation and cessation of spon¬ 
taneous end-plate potentials was observed. Histo¬ 
logic changes paralleled those seen physiologically. 
Within 3 to 5 hours following the loss of spontane¬ 
ous end-plate potentials, the normal structure of the 
end plate was severely distorted. Mitochondria be¬ 
came swollen and spherical in shape. Disorganiza¬ 
tion and eventual fragmentation of the cristae en¬ 
sued. The axoplasm and its resident organelles 
disintegrated into amorphous clumps, ultimately 
engulfed by Schwann cells. Eventually, all that 
remained was a watery cytoplasm, devoid of 
functional elements. Schwann cells protruded into 
the synaptic cleft, completely enveloping the ter¬ 
minal end of the axon, disrupting contact between 
the nerve and muscle at the neuromuscular 
junction.“ 

Granular disintegration of the axon rapidly fol¬ 
lows failure at the terminal junction. Collapse of 
neurofilaments and microtubules, which impart 
structural integrity to the axon, along with dimi¬ 
nution of axoplasmic volume, are the cardinal 
events marking the onset of axonal degeneration.^® 
Striking changes within the cell body and proximal 
stump are also evident within days and peak over 
the subsequent days to weeks. In motor neurons, 
the nuclei become eccentric and migrate to the pole 
opposite the axon hillock. Disappearance of Nissl 
bodies is noted as well as disintegration of the rough 
endoplasmic reticulum.^® There is a virtual halt to 
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Fig. 9-10. Peripheral nerve degeneration and regeneration. A: Injury to normal fiber. B: Wallerian degeneration of distal 
axon. Basal lamina tube remains intact distal to the injury focus. C: Growth cone is formed and is attracted by chemotactic 
agents. D: Schwann cell line the basal lamina, attracting axons and eventually laminating the axon in myelin. Adapted 
with permission from Seckel BR. Enhancement of peripheral nerve regeneration. Muscle Nerve. 1990;13:785-800. 


the production of neurotransmitter and a down 
regulation of messenger ribonucleic acid (mRNA).'^^ 
Producfion of profeins crucial fo anficipafed regen- 
erafion, such as acfin and fubulin, which are infe- 
gral parfs of fhe growfh cone, are upregulafed'*^ 
while fhe inifial producfion of sfrucfural neurofila- 
menf and microfubule profeins is diminished. The 
cross-secfional area of nerve fibers also decreases 


and may reflecf fhis loss of neurofilamenf profein 
producfion. 

Initiation of Wallerian Degeneration 

Debafe has raged over fhe pasf 150 years as fo 
whaf friggers fhe onsef of axonal degenerafion. 
Waller summized infuifively fhaf a loss of frophic 
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support arises following the severance of the axon 
from its supporting cell body.While the failure of 
nutritive support may partially explain the onset 
of chromatolysis and axon disintegration, the ra¬ 
pidity with which degeneration occurs is charac¬ 
teristic of an active, destructive process.^® Others 
have suggested that the loss of impulses traveling 
down the nerve might lead to axonal atrophy, analo¬ 
gous to disuse atrophy seen in immobilized 
muscle.This theory has been recently refuted by 
several studies in which electrical stimulation mim¬ 
icking the firing pattern of motoneurons failed to 
retard axonal degeneration in axotomized nerves 
in rabbits.^^'^^Gutmann and Holubar^'* suggested an 
autolytic process as the likely cause of degenera¬ 
tion. Current studies examining ionic fluctuations 
during axotomy support this hypothesis. 

LoPachin et aP® showed that shifts in the con¬ 
centration of specific ions precede even the earliest 
morphologic transformations. The changes in 
intraaxonal ionic composition follow a sequential 
pattern. In rat sciatic nerves, loss of K+ and Cl” is 
noted initially at the 8-hour mark. Intracellular lev¬ 
els of Na+ and Ca++begin to rise rapidly between 
16 and 48 hours postinjury. Progressive deactiva¬ 
tion of the Na+-K+ ATPase pump and potentially 
an active Ca++ pump^® secondary to the loss of en¬ 
ergy input are possible causes. As previously dis¬ 
cussed, without the function of the Na+-K+ ATPase, 
K+ escapes from the cell, along its concentration 
gradient. The relative impermeability of the neu¬ 
ronal membrane to Na+ and Ca++ accounts for the 
time delay. As Na+ rushes into the cell, the gated 
ion channels for both Na+ and Ca++become increas¬ 
ingly permeable, allowing for an even greater in¬ 
flux of Na+ and Ca++ ions. The Ca++ influx acti¬ 
vates endogenous proteases which initiate axonal 
destruction. 

Another school of thought turns the antegrade 
trophic support theory on its end. Initially, follow¬ 
ing axotomy, there is down-regulation of neurofil¬ 
ament gene expression. It has been suggested™'®^ 
that substances akin to NCF may permit specifica¬ 
tion of the level of neurofilament gene expression 
at the cell body. The retrograde transport of this fac¬ 
tor from the periphery is dependent on intact inter¬ 
actions between the nerve ending and specific tar¬ 
get or accessory cells. Thus, the loss of peripheral 
retrograde feedback might trigger the shift from 
production of proteins needed to maintain regular 
neural function and integrity to that necessary for 
reconstruction of the damaged axon following clear¬ 
ance of axonal debris. 


Schwann Cell and Myelin Sheath Changes 

Within 2 days following axotomy, profound 
changes in myelin composition occur. Production 
of mRNA, sequenced for the production of myelin 
proteins, is markedly reduced. The internodal 
segments collapse and become disorganized. 
Local Schwann cells extend cytoplasmic phal¬ 
anges through the myelin sheaths, fragmenting 
them into myelin ovoids. In rats, the ovoids are pro¬ 
gressively destroyed over the ensuing several 
weeks, culminating in disorganized lipid whorls.^® 
These Schwann cells, occupying the space previ¬ 
ously filled by the internodal myelin are termed 
bands of Bungner. A proliferation of Schwann cells 
occurs, providing the groundwork and guidance 
system for future axonal regeneration. In sensory 
and sympathetic neurons, the production of NCF 
as well as NCF receptors has been localized to 
Schwann cells forming bands of Bungner. Interest¬ 
ingly, it was observed^ that disruption of axon- 
Schwann cell contact triggers the expression of NCF 
receptors of the surfaces of the proliferating 
Schwann cells. 

Role of Macrophages 

The mechanism underlying the removal of ax¬ 
onal and myelin debris has been a focus of conten¬ 
tion for many decades. In the 1920s, Ramon y Cajal 
and Swanson®^ described the synergistic roles 
played by Schwann cells and macrophages. It is only 
recently, however, that his cooperative paradigm 
has been confirmed experimentally. Stoll and col¬ 
leagues®^ observed Schwann cells interrupting, 
phagocytizing, and degrading myelin sheaths dur¬ 
ing the earliest hours following axotomy. It was pro¬ 
posed that Schwann cells likely initiate degradation 
of their own myelin sheaths.®^ They do not, how¬ 
ever, participate in the removal of myelin break¬ 
down products. Elimination of myelin is accom¬ 
plished by macrophages. A vast number of mac¬ 
rophages are chemotactically attracted to the degen¬ 
erating neuron from the circulation. A paucity of 
resident macrophages also assist in the clearance. 
Beuche and Friede's®® cogent study revealed that 
when nerve fibers degenerate in an environment 
devoid of macrophages, collapsed myelin sheaths 
persist for many weeks. The evacuation of debris is 
not the only function of macrophages. Synthesis and 
release of the cytokine interleukin-1 by macroph¬ 
ages is essential for the production of NCF by 
Schwann cells responding to nerve injury.®® 
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Reinnervation 

The degenerative phase produces a milieu con¬ 
ducive for regeneration. Cell body protein synthe¬ 
sis has switched to the production of actin and tu¬ 
bulin, essential to the construction of the growth 
cone. First described by Ramon y Cajal and 
Swanson,®^ the growth cone is a specialized conical 
swelling that develops at the distal end of the proxi¬ 
mal stump. The growth cone has been described as 
ameoba-like,®^ extending lamellipodia which facili¬ 
tate movement toward the endoneurial tube across 
the focus of injury into the distal stump. Growth 
cone movement and axonal elongation require sev¬ 
eral guiding elements. Endoneurial tubes in the dis¬ 
tal stump persist following the removal of myelin 
and axonal debris. As previously mentioned, the 
disruption of contact between axons and Schwann 
cells triggers a rapid proliferation of the latter, 
which line the basal lamina. These Schwann cells 
produce receptors for growth-associated proteins 
such as NGF and growth-associated protein-43 
(GAP-43), which serve as chemoattractants for the 
growth cone.“'®^'®® The growth cone follows the 
weak external chemotactic gradient, which is am¬ 
plified internally.®® It has also been shown that there 
may be some selectivity, improving the likelihood 
that certain types of neurons will enter matching 
endoneurial tubes. Contact of sensory growth cones 
with sympathetic neurons causes a collapse of the 
cone and redirection of its growth.“ 

The opportunity for axon growth into suitable 
distal tubes is somewhat self-limited. Schwann cell 
mitosis will continue only if contact with a grow¬ 
ing axon is made.When contact is not established 
between an extending nerve fiber and Schwann cells 
within the distal endoneurial tube, the diameter of 
the tube shrinks to 10% to 20% of its original size, 
hampering subsequent attempts at reinnervation.“ 

Muscle Changes Following Denervation 

Changes in muscle function and morphology fol¬ 
lowing denervation are congruent with those oc¬ 
curring in the nerve fiber. Loss of innervation trig¬ 
gers drastic transfiguration at the nuclear level, 
which leads to alterations in membrane composi¬ 
tion, ionic channels, and neurotransmitter receptors. 
Macroscopic transformation of muscle tissue con¬ 
stituency and fiber organization ensue. While mani¬ 
festations of denervation are commonly construed 
as deleterious, many enhance the tissues' respon¬ 
siveness to reinnervation. External factors, includ¬ 
ing the extent and chronicity of nerve injury, the 


association of concomitant injuries, and age may 
have more to do with the ultimate functional out¬ 
come than the changes caused by denervation 
within the muscle itself. 

Muscle Fiber Changes 

Flistological findings. The most characteristic 
early change in denervated muscle fiber is disrup¬ 
tion of sarcolemmal nuclei, which become rounded 
and hyperchromatic and may become internalized 
within the myofiber.®® A gradual reduction in fiber 
caliber proceeds. While subtle differences exist, the 
rate of extrafusal muscle fiber atrophy remains uni¬ 
form across several mammalian species.®^"®® Bow¬ 
den and Gutmann®® observed no evidence of degen¬ 
eration of muscle fibers during the first 3 months 
following denervation. The internal integrity of the 
sarcomeres remained intact. The cross-sectional area 
of muscle fibers decreased precipitously over the 
initial 60 to 90 days and then stabilized. These find¬ 
ings are consistent with Sunderland's data® in opos¬ 
sum and Gutmann and Young's assessment®^ in rab¬ 
bits, which suggest that atrophy levels off at 70% 
to 90% by the third month. 

Electron microscopy and biochemical studies 
have revealed that loss of fiber size reflects a loss 
of myofilaments. Early on, filament disappearance 
is sporadic and is observed only at the ends of the 
myofibers. The loss of myosin heavy chains pre¬ 
cedes the loss of actin light filaments. By 4 to 6 
months, some disorganization of the hexagonal fila¬ 
ment arrangement occurs. At this point, changes are 
readily reversible with reinnervation. Interestingly, 
a difference in the rate of myosin heavy chain loss 
has been observed between fast, glycolytic, and 
slow oxidative muscle fibers. Fast fibers maintain 
myosin integrity for 4 to 5 times longer than slow 
fibers.®® It has been suggested that the firing fre¬ 
quency ratios of the fibers may underlie the differ¬ 
ence. Lack of stimulation is unusual in slow fibers, 
which are recruited early and commonly produce 
tonic, low-level activity. Thus, they may be more 
sensitive to the loss of innervation. Fast fibers, al¬ 
ternatively, are recruited late for brief bursts of 
speed and power and may be more resistant to a 
paucity of stimulation.®^ 

A decrease in mitochondrial size and number, an 
increase in lysosomes, and a progressive depletion 
of oxidative and glycolytic enzymes closely follows 
the loss of myofibrils.®® Again, these changes are late 
and not universally discernible for several months. 
Bowden and Gutmann®® presumed that deteriora¬ 
tion of fibers is incredibly deliberate. It may be up- 
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ward of 3 years or more before a level of decay is 
achieved fhaf mighf confound affempfs af reinner- 
vafion. Anecdofal reporfs have shown funcfional 
recovery following reinnervafion of fibers dener- 
vafed for 22 years.*’*If should be understood, how¬ 
ever, fhaf while fhe exfrafusal fibers mainfain fheir 
infegrify in fhe face of afrophy for some fime, ofher 
forces are af work fhaf may compromise fhe feasi- 
bilify of reinnervafion as fime goes on. 

Muscle fiber atrophy. Muscle afrophy following 
denervafion is fhe resulf of a combinafion of fac¬ 
tors. Muller*’ observed a decremenf of sfrengfh of 
5% per day from inifial levels, slowing fo a loss of 
25% af 7 days of immobilizafion. Profracfed sfudies 
assessing sfrengfh loss during immobilizafion over 
several weeks revealed a leveling off of sfrengfh 
loss. The overall average af fhe end of 6 weeks was 
8% per week wifh an overall loss of 48% of baseline 
sfrengfh.^” Loss of confacf befween nerve and 
muscle deprives fhe end organ of frophic subsfances 
normally secrefed by fhe mofor neuron.Davis and 
Kiernan^^ formulafed fwo sfudies fo defermine rela- 
five responsibilify for muscle afrophy. The exfen- 
sor digiforum longus muscles in one group of 
Wisfar rafs were immobilized for seven days. Cross- 
secfional area decreased by 22%, consisfenf wifh fhe 
effecfs of immobilizafion described by ofher inves- 
figafors.'’’'^*'^^In a group in which fhe muscles were 
bofh immobilized and denervafed, cross-secfional 
area decreased by 35%. In a fhird group in which 
muscles were immobilized, denervafed buf injecfed 
wifh exfracfs of sciafic nerve, cross-secfional area 
reducfions similar fo fhose seen during pure immo¬ 
bilizafion were achieved. If was defermined fhaf 
approximafely 60% of afrophy following denerva¬ 
fion can be affribufed fo disuse, while fhe loss of 
neurofrophic influence accounfs for fhe remaining 
40%.^*The imporfance of fhis delineafion cannof be 
oversfafed. While much research is underway fo 
develop fechniques fo augmenf reinnervafion and 
fhe search fo isolafe neurofrophic subsfances con- 
finues, no clinically significanf applicafions are cur- 
renfly available. Rehabilifafive fechniques fhaf fo¬ 
cus on limifing or overcoming disuse afrophy, how¬ 
ever, are well founded and effecfive mefhods fo 
enhance funcfional resforafion. 

Connective Tissue Changes 

While loss of innervafion leads fo muscle fiber 
afrophy, collagen biosynfhesis is unleashed and 
flourishes in fhe absence of neural inhibifion. 
Sherman^* observed fhe developmenf of myogenic 
confracfures in immobilized, denervafed muscles 


wifhin 4 fo 6 weeks following injury. Myogenic con¬ 
fracfures resulf from fibrosis involving fhe endomy- 
sium and perimysium. Liffle evidence suggesfs in- 
volvemenf of fhe epimysium. Types I and III col¬ 
lagen synfhesis markedly increase following 
denervafion. The collagen fibers become coarse, 
fhickened, and enmeshed by fhe inferweaving of 
cross-linking profeins. The ordinarily loose collagen 
meshwork surrounding myofibers fighfens, mum¬ 
mifying afrophic muscle cells.The effecfs of dis¬ 
use, in confrasf fo muscle fibers, plays no role 
in fhe alferafion of collagen synfhesis in fhe face 
of denervafion. Savolainen and colleagues^* show¬ 
ed marked decreases in levels of collagen biosyn- 
fhefic enzyme acfivify when muscles were merely 
immobilized. Denervafed muscles, confrarily, ex¬ 
pressed biosynfhefic enzyme acfivify fwo and fhree 
fimes normal following neurectomy. The findings 
suggesf fhaf normal collagen synfhesis adapfs fo fhe 
level of muscular acfivify and is under neural regu- 
lafion. These findings have recenfly been confirmed 
by Virfanen and colleagues,^’who nof only repli- 
cafed Savolainen's dafa, buf also observed fhaf rein¬ 
nervafion refurned collagen biosynfhesis fo normal 
levels. 

Denervation Supersensitivity 

Supersensifivify or membrane insfabilify, as if is 
fermed in elecfrodiagnosfic circles, is a hallmark of 
denervafion. Two processes, fhe developmenf of 
ecfopic acefylcholine recepfors and alferafions in fhe 
elecfrical properfy of fhe sarcolemma are implicif 
in ifs developmenf. 

Acetylcholine receptor proliferation. In normal 
muscle, only fhe endplafe, fhe region infimafely as¬ 
sociated wifh fhe presynapfic mofor neuron bou¬ 
ton, possesses recepfors for acefylcholine. A con- 
cenfrafion of 3 x 10^ recepfors is found for every 
square micromefer. The inherenf sfabilify of fhe ace¬ 
fylcholine recepfors is dependenf on fhe influence 
of fhe mofor neuron. Approximafely 20% of recep¬ 
fors furn over rapidly, in less fhan 72 hours. The 
majorify have half-lives of 6 fo 13 days.*” If is sug- 
gesfed fhaf fhe rapidly decaying recepfors are pre¬ 
cursors fo fhe more sfable and mafure recepfors. 
Following propagafion of an acfion pofenfial, 
quanfa of acefylcholine are released across fhe syn- 
apfic cleff and acfivafe acefylcholine recepfor chan¬ 
nels af fhe endplafe. The acefylcholine channels are 
somewhaf generic and allow fhe passage of Na+, 
K+, and Ca++ cafions. A nef influx of Na+ ions oc¬ 
curs fhaf decreases fhe polarify of fhe cell, causing 
an endplafe pofenfial. The acefylcholine channels 
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work similarly to an automobile starter and are not 
the direct generators of the muscle action potential. 
The decreasing negativity caused by the influx af 
fhe acefylcholine channel friggers volfage-sensifive 
Na+ channels oufside fhe endplafe, leading fo am- 
plificafion of depolarizafion and, ulfimafely, propa- 
gafion of fhe acfion pofenfial along fhe lengfh of 
fhe muscle fibers.®^ 

Denervafion leads fo profound alferafions in 
muscle cell funcfion. The loss of neurofrophic sup- 
porf induces, af fhe nuclear level, fhe producfion 
of profeins desfined fo be exfrajuncfional acefylcho¬ 
line receptors. Inifially, fhe exfrajuncfional acefyl¬ 
choline receptors form in clusfers across fhe enfire 
membrane. Their densify increases, alfhough only 
fo one fenfh of fhaf esfablished af fhe endplafe. The 
enfire cell membrane becomes exquisifely sensifive 
fo acefylcholine. During fhe hiafus befween dener¬ 
vafion and reinnervafion, fhese exfrajuncfional ace¬ 
fylcholine receptors remain immafure and rapidly 
torn over every 6 fo 35 hours. In confrasf fo junc- 
fional recepfors, fhe exfrajuncfional receptors are 
nof exposed fo acefylcholine esferase.“ 

Alteration of membrane potential. The second 
major factor promofing fhe developmenf of dener¬ 
vafion supersensifivify is fhe alferafion of fhe elec- 
frical properfies of fhe sarcolemma. The increase in 
acefylcholine recepfors increases fhe likelihood fhaf 
even minimal sfimulafion may lead fo depolariza¬ 
fion. Changes in fhe ion channels also play a role. 
While fhere is no change in fhe conducfance of Ca++ 
acfivafed K+ channels, a 60% reducfion in fhe num¬ 
ber of fhese channels has been observed.®^ Alfer¬ 
afions in Na+ conducfing channels and a decrease 
in fhe acfivify of fhe Na+-K+ pump also develop.^* 
The increased permeabilify fo Na+ influx and de¬ 
creased K+ efflux precipifafes a decrease in mem- 

MECHANISMS OF 

Compression Injuries 

Compression of peripheral nerves is one of fhe 
mosf common fypes of injury, exemplified by en- 
frapmenf neuropafhies. Compression may be 
caused by edematous changes in a nerve as if passes 
fhrough a narrow space. Alfernafively, a normally 
capacious funnel may be compromised by soff fis- 
sue swelling, fibrosis, fracfures, or foreign bodies. 
Blunf frauma such as fhaf seen in Safurday nighf 
palsy is also a common efiology. Despife such fa- 
miliarify, compression injuries represenf complex 
lesions. 


brane polarizafion from -70 fo -55 mV. Thus, fhe 
muscle fiber feefers perpefually on fhe brink of de¬ 
polarizafion. 

Influence on Regenerating Nerve Fibers 

During reinnervafion, consfanf feedback befween 
fhe new nerve fibers and fhe exfrajuncfional ace¬ 
fylcholine receptor clusfers lead fo fhe developmenf 
of sfable, mafure neuromuscular juncfions. While 
fhe profein has yef fo be isolafed, several sfudies 
suggesf fhaf skelefal muscle ifself exudes a frophic 
factor fhaf sfimulafes and affracfs sproufing neu¬ 
rons.®^'®® As many as 4 fo 5 neurons may be observed 
in associafion wifh a single muscle fiber during fhe 
rudimenfary sfages of reinnervafion. Confacf be¬ 
fween nerve fibers and exfrajuncfional acefylcho¬ 
line recepfors leads fo fhe evocafion of endplafe po- 
fenfials. Despife fheir low quanfal confenf, fhe lack 
of acefylcholine esferase and fhe hypopolarizafion 
of fhe cell membrane enable muscle acfivify. 

Repefifive and increasing levels of sfimulafion 
fo inhibif fhe synfhesis of acefylcholine recepfors 
and evenfually only fhe area of fhe fiber in confacf 
wifh fhe motor neuron refains recepfors. The new 
connecfions enhance fhe sfabilify of fhese recepfors 
and allow fhem fo mafure. They also frigger fhe 
formafion of acefylcholine esferase binding sifes 
wifhin fhe basal lamina of fhe synapfic cleff.®® The 
frophic influence of fhe muscle on sproufing nerve 
fibers evenfually wanes. As sfrong neuromuscular 
juncfions are esfablished and fhe regions of acefyl¬ 
choline recepfors become consfricfed and defined, 
fhe reinnervafed mofor fibers will nof accepf addi- 
fional innervafion from anofher nerve.®^ Ulfimafely, 
a normal relafionship befween mofor neuron and 
muscle fiber is complefed. 

NERVE INJURY 

Pathophysio logy 

The mechanism by which compression disrupfs 
neural funcfion has been infensely sfudied. Over 
fhe pasf 50 years, somewhaf polarized fheories have 
gained popularify ranging from predominanfly is¬ 
chemic injury fo pure mechanical deformafion. 
Presenfly, more infegrafed explanafions have ma- 
ferialized. 

Clinical descripfions of mofor paralysis wifh 
variable sensory deficifs, no disfal afrophy, and 
rapid excellenf recovery were made by Frazier and 
Silberf during World War I.®® Seddon,®^ foo, ob- 
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served a similar clinical pattern, which he termed 
neuropraxia. It was not until 1944, however, that 
Denny-Brown and Brenner®^ experimentally con¬ 
firmed Seddon's clinical hypothesis regarding 
pathologic changes in nerve fibers. Compression of 
caf sciafic nerve by eifher fourniquef or spring clip 
resulfed in similar damage. Inifially, edema was 
observed af fhe nodes of Ranvier wifh "powdering" 
of fhe myelin sheafh. By 7 days affer pressure ap- 
plicafion, fhe myelin had receded from fhe nodes 
closesf fo fhe edge of fhe cuff or clip. Thus, focal 
demyelinafion was confirmed.Large myelinafed 
fibers were more commonly injured fhan smaller 
fibers. Clinically, volunfary mofor funcfion had 
been abolished by pressures of 300 mm Hg applied 
for fwo hours. Mofor excifabilify below fhe level of 
fhe lesion was 75% fo 100% infacf, while fhaf above 
fhe level of fhe lesion had dropped fo 0% fo 5%. 
Denny-Brown and Brenner*^ suggesfed fhaf seg- 
menfal demyelinafion was relafed fo ischemia and 
was nof a consequence of direcf pressure on fhe 
nerve fibers. 

Ochoa and colleagues*“ conceded fhaf mild com¬ 
pression, producing a mefabolic conducfion block 
fhaf reverses rapidly wifh release of pressure, is 
caused by local ischemia. Conducfion block lasfing 
weeks fo monfhs wifhouf significanf axonal degen- 
erafion was fell fo be caused by direcf damage fo fhe 
nerve fibers. The characferisfic lesion observed on 
leased fiber examinafion was displacemenf of nodes 
of Ranvier wifh invaginafion of one paranode by 
an adjacenf one. Compression causes movemenf of 
fhe axon and myelin sheafh away from fhe edges of 
fhe cuff, along fhe plane parallel fo fhe nerve. The 
Schwann cell and basemenf membrane hold sfead- 
fasf. A shear force is generafed, dissociafing fhe my¬ 
elin from ifs parenf Schwann cell. The invaginafed 
myelin, forn from ifs nufrienf source, degenerafes. 
A focal barren area, void of myelin, develops.®” 

The findings of Ochoa and colleagues resulfed 
from very high pressures (1,000 mm Hg) applied 
for several hours across a shorf segmenf (5.5 cm). 
Ofhers employing lower pressures, which more 
closely resemble clinical sifuafions, have nof been 
able fo reproduce fhese findings.®^ If is likely fhaf a 
combinafion of primary mechanical deformafion 
and secondary microvascular damage wifh edema 
and impaired local microcirculafion produce fhe 
common clinical picfure of conducfion block. 

Compression af levels as low as 30 mm Hg have 
been shown fo slow venular flow.”® Pressures up¬ 
ward of 80 mm Hg can complefely arresf endoneur- 
ial circulafion.®” Reducfion in venous flow furfher 


encumbers a normally sluggish endoneurial fluid 
drainage sysfem. Disrupfion of oblique penefrafing 
vessels may lead fo increased vascular permeabil- 
ify and compromise of fhe blood-nerve barrier. En¬ 
doneurial blood flow, measured by laser doppler, 
has been observed fo decrease by 50% in regions 
solely displaying focal demyelinafion.®” 

Axonal fransporf, which is exquisifely sensifive 
fo ischemia, is disfurbed af pressures as low as 20 
mm Hg when susfained for upwards of 8 hours. Af 
fhis level, mechanical disforfion of fhe axon is un¬ 
likely. Disfal supplies of cyfoskelefal profeins, es- 
senfial for axonal infegrify and neurofransmiffers 
ufilized in synapfic fransmission, may be jeopar¬ 
dized, crippling nerve funcfion. Refrograde frans¬ 
porf is also affecfed, limifing fhe flow of frophic 
facfors from fhe periphery back fo fhe cell body and 
undermining cell homeosfasis.®^ 

Clinical Considerations 

Several sfudies have addressed fhe relafive sig¬ 
nificance of ischemia and mechanical deformafion 
in clinical sellings. Gelberman ef al®” observed 
infrarefinacular pressures of 32 mm Hg in pafienfs 
wifh sympfoms suggesfive of carpal funnel syn¬ 
drome (CTS). Confrol subjecfs, wifhouf sympfoms 
of CTS, had canal pressures averaging 2.5 mm Hg. 
This crifical pressure was reproduced by Lundborg 
ef al.®” Af 30 mm Hg, abnormal sensafions such as 
numbness and parasfhesias were observed 10 fo 30 
minufes following onsef of compression. A decrease 
in sensory nerve acfion pofenfial (SNAP) amplifude 
occurred concurrenfly. The amplifude decremenf 
was nof significanf by currenf elecfrodiagnosfic 
sfandards (ie, fhe amplifude was nof decreased by 
greafer fhan 50% when compared fo fhe baseline 
amplifude). Gelberman and colleagues®^ nofed af 40 
mm Hg, decremenfs in sensory amplifudes of 40% 
wifhin 10 fo 30 minufes. Lafencies were minimally 
delayed. Lighf pressure and fwo-poinf discrimina- 
fion were nof abnormal af fhis level and only affer 
4 hours of compression were vibrafory sensibilify 
abnormalifies, fesfed af 256 Hz, observed. Af 50 mm 
Hg, a significanf drop in SNAP amplifude (ie, 
greafer fhan 50%) was firs! observed wifhin 15 min¬ 
ufes. Complefe conducfion block was achieved 
wifhin 20 minufes. Mofor lafency delays were sig¬ 
nificanf wifhin 30 minufes. Abnormal sensibilify fo 
vibrafion and lighf pressure were documenfed af 
20 minufes. Two-poinf discriminafion measuremenf 
expanded beyond four mm af 30 minufes buf was 
nof complefely losf unfil all sensafion had been com- 
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pletely ablated. Motor strength faded from normal 
fo fair over several hours. As wifh lesser levels of 
pressure, all paramefers refurned fo normal 
abrupfly affer pressure release af 240 minufes. Pres¬ 
sures of 60 fo 70 mm Hg produced findings similar 
fo fhose found af 50 mm Hg.®^ Pressures of 90 mm 
Hg also produced reversible signs and symptoms 
when mainfained for 60 minufes.^'’ An animal 
sfudy®® employing rabbif nerves compressed af 80 
mm Hg produced corresponding amplifude drops; 
however, mainfenance of pressure for greafer fhan 
2 hours led fo persisfenf diminufion of acfion po- 
fenfial amplifudes. 

A number of imporfanf conclusions regarding 
nerve fissue pressure fhresholds can be made from 
fhese experimenfs. Pressure befween 30 and 50 mm 
Hg may produce symptoms including numbness 
and parasfhesias buf reveal no objecfive signs aside 
from nonsignificanf SNAP amplifude drops. This 
likely reflecfs mild local ischemic mefabolic conduc- 
fion block and may explain fhe 20% of pafienfs wifh 
sympfoms consisfenf wifh CTS buf normal elec- 
frodiagnosfic fesfing resulfs.®® Pressures greafer fhan 
50 mm Hg produce signs reflecfing alferafion in 
neurophysiologic funcfion. Sympfoms and signs 
manifesf during shorf durafions of pressures less 
fhan 80 mm Hg readily reverse wifh resolufion of 
compression. Higher pressure or longer durafion 
or bofh may lead fo persisfenf findings, caused nof 
only by ischemia buf also by mechanical deforma- 
fion and focal segmenfal demyelinafion. This level 
of injury is besf exemplified by abrupf, focused 
applicafion of high pressure such as fhaf seen in 
compression of fhe radial nerve againsf fhe hu¬ 
merus during near-blasf injuries, or alfernafively, 
prolonged moderafe pressure caused by enfrap- 
menf of fhe radial nerve befween fhe humerus and 
an exfernal force as seen in Safurday nighf palsy. In 
fhese sifuafions, where primarily segmenfal demy¬ 
elinafion has occurred from mechanical deforma- 
fion, recovery can fake an average of 6 fo 10 weeks 
and reflecfs fhe period of fime required for 
remyelinafion.^™ Conducfion block lasfing greafer 
fhan 10 weeks wifhouf evidence of Wallerian de- 
generafion has been affribufed fo persisfenf endo- 
neurial edema and elevafed endoneurial fluid pres¬ 
sure. More severe compression may lead fo nof only 
demyelinafion buf concomifanf axonal injury. 

Fascicular anatomy also plays a crucial role in 
fhe clinical manifesfafions of compression injury. 
Superficial fascicles and fibers are more prone fo 
compression fhan fhose found more cenfrally. While 
large myelinafed fibers are more commonly injured 
fhan smaller fibers or unmyelinafed fibers, no sig- 


TABLE 9-4 

NERVE EASCICLES ESPECIALLY 
PRONE TO COMPRESSION 


Nerve 

Region 

Susceptible 

Fascicles 

Sciatic 

Proximal thigh 
Pelvis 

Peroneal 

Common 

peroneal 

Fibular head 

Deep peroneal 

Ulnar 

Elbow 

Sensory to medial hand 
motor to hand 
intrinsics 

Median 

Supracondylar 

Anterior interosseus 

Median 

Carpal tunnel 

Sensory 

Radial 

Radial groove 

Variable 


nificanf difference in fhe sensifivify of large mofor 
or large sensory fibers fo compression has been con- 
sisfenfly observed.^®' The propensify of cerfain fas¬ 
cicles fo be injured based on fopography and fhe 
variabilify of fascicular arrangemenfs among indi¬ 
viduals may lead fo mislocalizafion of injuries when 
purely clinical assessmenfs are made (Table 9-4). 
The ufilify of elecfrodiagnosfic techniques fo defer- 
mine fhe focus of injury becomes paramounf in 
fhese sifuafions. 

While fhe fibial porfion of fhe sciafic nerve is 
more suscepfible fo ischemic injury fhan ifs pero¬ 
neal counferparf, compression injury more com¬ 
monly affecfs fhe peroneal frunk. Sciafic injuries 
following pelvic or proximal femur fracfures or hip 
dislocafions may be misfaken clinically for a more 
disfal injury fo fhe common peroneal nerve. Com¬ 
pression injury of fhe ulnar nerve af fhe elbow af¬ 
fecfs fascicles innervafing fhe hand infrinsics and 
providing sensafion fo fhe ulnar aspecf of fhe hand 
more fhan if affecfs fascicles innervafing fhe flexor 
carpi ulnaris or providing sensafion fo fhe dorsum 
of fhe hand. A purely clinical assessmenf may lead 
fo false localizafion of injury fo fhe wrisf. Injury of 
fhe common peroneal nerve af fhe fibular head is 
more apf fo produce sympfoms in a deep peroneal 
disfribufion. Trojaborg^“ observed variable involve- 
menf of fhe brachioradialis and specific extensor 
muscles during compression of fhe radial nerve 
during sleep or secondary fo blunf frauma. Sensory 
abnormalifies were also variable. Selecfive injury fo 
specific fascicles af fhe level of fhe radial groove 
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can only explain the heterogenous patterns because 
individual branch points occur well below the site 
of injury. While the anterior interosseus branch of 
fhe median nerve fakes off 5 fo 8 cm disfal fo fhe 
laferal humeral epicondyle, supracondylar fracfures 
commonly selecfively injure fhose fascicles. The 
posferior locafion of fhe fibers, close fo fhe bone af 
fhe level of fhe disfal humerus, enhances fhe likeli¬ 
hood of injury. The variabilify of sensory sympfoms 
in CTS and fhe usual lafe finding of motor weak¬ 
ness suggesf a more superficial buf arbifrary fas¬ 
cicular topography of median nerve fibers beneafh 
fhe flexor refinaculum.^® 

Ischemic Injuries 

Ischemia is unequivocally a major cause of frau- 
mafic nerve injury. Yef, fhe abundanf collaferal cir- 
culafion enveloping peripheral nerves has frus- 
frafed affempfs by researchers fo undersfand fhe 
pafhomechanics underlying ischemic nerve injury. 
Resulfs of many sfudies have been confounded by 
fhe mechanism by which cessafion of blood flow 
was insfifufed. Mosf sfudies have employed four- 
niquef consfricfion of limbs. Confroversy has been 
raised as fo whefher pafhologic changes observed 
in fhese sfudies reflecf ischemic injury, compression 
injury, or a combinafion of fhe fwo.^^'^““^“^More re- 
cenfly, alfernafive mefhods of obfaining a relafively 
pure ischemic insulf have been achieved. Korfhals 
and Wisniewski'”® developed a model employing 
ligafion of fhe abdominal aorfa and femoral arfery. 
This fechnique was modified by Hess and col¬ 
leagues'”” and Fowler and Gilliaff"” in several sfud¬ 
ies. Eloquenf sfudies'" ufilizing infusions of arachi- 
donic acid have also been developed. Clinically, 
pure ischemic neuropafhy has been a consequence 
of ergof foxicify."^ 

Pathophysio logy 

The paffern and characfer of pafhologic change 
from ischemia differs from fhaf inflicfed by ofher 
causafive agenfs. Ligafion of fhe infernal and ex- 
fernal iliac arferies of rabbifs led fo injuries of fhe 
sciafic nerves in fhe sfudy by Hess ef al.'°” The fibial 
porfion of fhe sciafic nerve was predominanfly ef- 
fecfive relafive fo fhe peroneal porfion. A juncfional 
zone exfending an average of 20 mm was observed 
early on and was felf fo be fhe sife of ischemic ax¬ 
onal injury. The zone revealed hisfologic changes 
fhaf disfinguished if from more disfal Wallerian 
degenerafion. In addifion fo axonal and myelin de- 
sfrucfion, Schwann cells, fibroblasfs, and vesicles 


were also desfroyed.'”® Massing of cytoplasmic or¬ 
ganelles was also observed in fhis region."® Jusf 
proximal fo fhe zone, a region of paranodal demy- 
elinafion developed. In 92.5% of fhe fibers, fhe lasf 
node proximal fo fhe juncfional zone susfained 
paranodal demyelinafion wifhouf evidence of axon 
injury and exfended fo fhe penulfimafe node in 
60.5% of fibers and fo fhe fhird node in only 22% of 
fibers. Wallerian degenerafion was observed disfal 
fo fhe zone of injury wifhin several days affer fhe 
insulf. In a small percenfage of fibers, segmenfal 
demyelinafion occurred wifhouf evidence of 
Wallerian degenerafion.'”” Segmenfal demyelina¬ 
fion as evidenced by conducfion block has also been 
observed in ischemia caused by ergof foxicify,"® 
femoral arfery ligafion,"^ and arachidonic acid in¬ 
fusion."® In confrasf fo pafferns seen in compres¬ 
sive neuropafhies, fhe cenfral core of large fascicles 
was parficularly sensifive fo ischemia. These find¬ 
ings suggesf fhaf cerfain regions along fhe nerve 
may be more prone fo ischemic injury and likely 
reflecf vascular wafershed areas. 

No consensus has yef developed regarding fhe 
fenacify of differenf fypes of nerve fibers in fhe face 
of ischemia. Lewis ef al"® clinically observed fhe loss 
of facfile and posifion sense early, followed lafer by 
fhe loss of pain and femperafure sensafion. If was 
deduced fhaf larger fibers were mosf suscepfible. 
Yef, if was also observed by several researchers fhaf 
sensafion is always impaired prior fo fhe loss of 
mofor funcfion.'”^’'”®''”®"”” Parry and Brown'" alfer- 
nafively observed a disproporfionafe loss of unmy- 
elinafed fibers relafive fo fhose myelinafed. Of in- 
feresf is fhaf some profecfion againsf ischemia has 
been observed in elderly, diabefics and uremic pa- 
fienfs.'”^If is likely fhaf enhanced collaferal flow in 
fhe face of gradually waning primary vascular chan¬ 
nels may help maximize blood flow in fhese fenu- 
ous sifuafions. 

Clinical Considerations 

While a relafively discrefe ischemic neuropafhy 
may be observed in vasculopafhies such as poly- 
arferifis nodosum"^ and fo some exfenf diabefes 
mellifus,"®if is uncommon fo see pure ischemic in¬ 
jury associafed wifh frauma. If has long been sug- 
gesfed, however, fhaf ischemia is fhe primary cause 
of peripheral nerve injury associafed wifh comparf- 
menf syndromes.'”®"”’'®” A comparfmenf syndrome 
is defined by Mafsen'®” as a condifion in which fhe 
circulafion and funcfion of fissues wifhin a closed 
space are compromised by increased pressure 
wifhin fhaf space. Increased comparfmenfal pres- 
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sure is the fundamental condition underlying many 
clinical entities, including Volkmann's ischemia, 
rhabdomyolisis, crush syndromes, and exercise in¬ 
duced ischemia. An initial insult spurs hemorrhage 
and edema. Compartment pressure rises, collaps¬ 
ing veins and impeding drainage. The arterio¬ 
venous gradient is minimized. Decreased blood 
flow locally leads fo ischemia. A vicious cycle of 
edema, ischemia, and necrosis ensues. 

Befween 1900 and 1950, several clinicians ob¬ 
served rafes of nerve injury associafed wifh com- 
parfmenf syndromes ranging from 50% fo as high 
as 75%.^“ Peripheral nerve fissue is more suscep- 
fible fo ischemia fhan ofher connecfive fissues.^^” 
Funcfional abnormalifies commencing in paresfhe- 
sias and loss of sensafion of lighf touch and pinprick 
precede motor weakness. Infracomparfmenfal pres¬ 
sures as low as 30 mm Hg have been observed fo 
provoke sensory abnormalifies™ while ofhers have 
suggested higher pressures in fhe 40 fo 50 mm Hg 
range.The lafifude reflecfs several variables, in¬ 
cluding blood pressure, mefabolic rafe of fissues, 
and durafion of pressure elevafion. Sensory abnor¬ 
malifies have been noted wifhin 30 minutes of fhe 
onsef of ischemia^^° and have been foufed as fhe 
mosf sensifive physical findings. They are harbin¬ 
gers of more serious injury if freafmenf (fasciofomy) 
is nof insfifufed swiffly.^^' Irreversible changes are ob¬ 
served affer 2 fo 4 hours of ischemia and have been 
used as fhe benchmark for experimenfal sfudies. 

Electrodiagnosis 

Elecfrodiagnosfic findings obfained by Fowler 
and Gilliaff^^” closely parallel fhe histologic changes 
observed by Hess ef al.^°* In fhe majorify of cases 
fhere was an immediafe loss of abilify fo evoke a 
mofor acfion pofenfial proximal fo fhe site of in¬ 
jury. Over fhe course of several days disfal sfimu- 
lafion failed fo elicif a mofor acfion pofenfial, sug- 
gesfing Wallerian degenerafion. In several animals 
wifh less profound funcfional deficifs, disfal sfimu- 
lafion was reduced relafive fo confrols, reflecfing 
axon loss; however, no response could be obfained 
from proximal sfimulafion. This suggesfed conduc- 
fion block in fhe surviving axons. In general, is¬ 
chemia produces a mixed injury wifh axonal loss 
predominafing over demyelinafion. 

While fhe measuremenf of infracomparfmenfal 
pressure is fhe gold sfandard, nerve conducfion ve- 
locify and mofor acfion pofenfials may provide es- 
senfial adjuncfive informafion. Mafsen and col¬ 
leagues™ used fhemselves as subjecfs fo assess fhe 
ufilify of elecfrodiagnosis in fhe monitoring of com- 


parfmenf syndromes. Af pressures ranging from 50 
fo 60 mm Hg, nerve conducfion velocify abrupfly 
dropped fo 75% of confrols af 25 fo 30 minufes and 
paralleled fhe onsef of mofor weakness and anes- 
fhesia. Amplifudes of mofor acfion pofenfials also 
dropped fo 75% of disfal sfimulafion in fhe same 
fime frame. While affempfs have been made fo es- 
fablish fhe minimal pressures af which fasciofomy 
should be considered, variables including hypofen- 
sion, impaired vascular flow, concomifanf injuries, 
and increased mefabolic demands may place fissues 
af higher risk of injury af lower fhan expected com- 
parfmenf pressures. In pafienfs who have susfained 
mulfiple frauma and may be hypovolemic or who 
are obfunded and cannof acfively move fhe limb, 
elecfrodiagnosfic sfudies may be helpful. Muscle 
deafh occurs earlier fhan nerve deafh. However, 
sensibilify and elecfrodiagnosfic correlafes of nerve 
injury in fhe face of significanf comparfmenf pres¬ 
sure occur earlier fhan muscle injury and are revers¬ 
ible. In ofher words, nerves are more resilienf buf 
fheir injuries are more readily apparenf earlier fhan 
muscle injury. Because fhey reflecf fhe physiologic 
sfafus of comparfmenfal fissues, fhey allow for se¬ 
rial, noninvasive monitoring wifh quanfifiable mea¬ 
sures and may be fhe earliesf marker of impending 
fissue injury. 

Stretch Injuries 

Clinical Considerations 

Fractures, dislocations, and fracture-dislocations 
are commonly complicated by traction injuries to 
peripheral nerves. While the overall incidence has 
not been established, the rates of frauma fo parficu- 
lar nerves wifh cerfain injuries have been assessed. 
According fo Gurdjian and Smafhers,'^^ upward of 
95% of all nerve injuries associafed wifh fracfures 
occur in fhe upper exfremifies. Five percenf of all 
shoulder dislocafions are complicated by nerve in¬ 
jury (Figure 9-11). In Rowe's series,^“ 30% of inju¬ 
ries were fo fhe ulnar nerve, 18% fo fhe radial nerve, 
11% fo fhe axillary nerve, and 4% fo fhe median 
nerve. Combinafions, likely reflecfing brachial 
plexus injury, accounted for 37% of associafed nerve 
injuries and overall are fhe mosf common. Masf and 
colleagues^^^ observed an 18% rafe of radial nerve 
palsy associafed wifh humeral shaff fracfures (Fig¬ 
ure 9-12).Sciafic neuropafhy complicates fraumafic 
hip dislocafions 11% of fhe fime according fo Brav.^^® 
Peroneal neuropafhy occurs in 27% of fraumafic 
knee dislocafions (Figure 9-13).^^® The greaf amounf 
of forque generafed by inversion injuries fo fhe 


440 


Peripheral Nerve Injuries 



Fig. 9-11. Anterior shoulder dislocation. Stretch injury 
to major nerve branches or brachial plexus may be asso¬ 
ciated in 5% of injuries. Photograph courtesy of MAJ 
Aron M. Judkiewicz, M.D., Department of Radiology, 
Walter Reed Army Medical Center, Washington, DC. 




Fig. 9-13. Posterior tibial dislocation following a water 
skiing accident. Traction injury to the common peroneal 
nerve or peroneal fascicles of the distal sciatic nerve com¬ 
monly coexist with this severe injury. Photograph cour¬ 
tesy of MAJ Aron M. Judkiewicz, M.D., Department of 
Radiology, Walter Reed Army Medical Center, Washing¬ 
ton, DC. 


ankle may lead to proximal fibula fractures and as¬ 
sociated peroneal neuropathies (Figure 9-14).^^^ Se¬ 
vere varus stress, rupture of the lateral collateral 
ligament, may also cause a torsion injury of the dis¬ 
tal part of the leg resulting in peroneal nerve in- 
jury.^^® Stretch is also an element in injuries associ¬ 
ated with gunshot wounds^^^ and has also been 
documented^^" as a complication of limb-lengthen¬ 
ing procedures utilizing external fixation devices 
such as those designed by Ilizarov and Wagner. 

The distribution of fracture-related nerve inju¬ 
ries has remained remarkably consistent over the 
years and typifies the intimate relationship of cer¬ 
tain nerves and bones. Radial nerve lesions com¬ 
prise nearly 58% of cases. Injuries to the ulnar nerve 
constitute 20%, peroneal neuropathies 15%, med¬ 
ian neuropathies 5%, and sciatic neuropathies 

2^ 122,131,132 


Fig. 9-12. Mid-shaft humeral fracture. Commonly asso¬ 
ciated with radial nerve injuries. Photograph courtesy 
of MAJ Aron M. Judkiewicz, M.D., Department of 
Radiology, Walter Reed Army Medical Center, Washing¬ 
ton, DC. 


Pathophysio logy 

The strength and elastic properties of peripheral 
nerve have been extensively documented. 
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Fig. 9-14. Distal tibial fracture 
with proximal fibular frac¬ 
ture. May be associated with 
peroneal neuropathy. Photo¬ 
graph courtesy of MAJ Aron 
M. Judkiewicz, M.D., Depart¬ 
ment of Radiology, Walter 
Reed Army Medical Center, 
Washington, DC. 


These variables are important not only in the as¬ 
sessment of potential injury associated with trauma, 
but also in determining when end-to-end anasto¬ 
moses should be abandoned in favor of graffing in 
nerve injury repair. As wifh ofher fissues, fhe 
sfrengfh of peripheral nerves is direcfly propor- 
fional fo fheir cross-secfional area. The cable design 
of fascicular organizafion imparfs even greafer 
sfrengfh. Sunderland and Bradley^ followed fhe 
lengfh of several nerves and observed fhaf fhe maxi¬ 
mum load susfained by fhe nerve was greafesf 
where fhe fascicular cross-secfional area was greaf¬ 
esf. Tofal cross-secfional area was held consfanf. 
Thus, fensile sfrengfh varies nof only befween dif- 
ferenf nerves buf even befween differenf areas of 
fhe same nerve. 

The severify of nerve injury associafed wifh frac- 
fion is relafed fo fhe exfenf of elongafion, fhe infen- 
sify and durafion of fhe deforming sfress. Progres¬ 
sive fracfion forces placed on a nerve lead fo a spec- 
frum of funcfional decline. Lundborg and Ryde- 
vik^^^ observed fhe firsf evidence of injury when 
nerves were sfrefched by approximafely 8% of fheir 


fofal lengfh. Af fhis sfage, microfhrombi and em¬ 
boli appeared in venules wifh a diminufion of 
venous flow greafer fhan 50%. A complefe half of 
arferiolar and capillary flow occurred af 15% elon¬ 
gafion. Sfagnafion of endoneurial lymphafic flow 
followed, leading fo increased endoneurial fluid 
pressure, decreased oxygenafion, and cessafion of 
axonal fransporf. If confinued for greafer fhan 30 
minufes, axonal degenerafion ensued. Lundborg 
and Rydevik's'” sfudy revealed no evidence of 
endoneurial vessel damage or disrupfion of fhe 
blood-nerve barrier imparfed by fhe perineurium. 
These findings confradicf fhose of Denny-Brown 
and Doherfy^^ who suggesfed fhaf high levels of 
endoneurial fluid were fransudafes emanafing from 
small damaged blood vessels. They also call fo ques- 
fion Haffek's^^ findings of perineurial disrupfion 
anfedafing axonal injury, a claim dismissed by 
Sunderland.^ The compromise of vascular flow oc¬ 
curs affer fhe slack of fhe epineurium, perineurium, 
and endoneurium have been faken up. As fhe 
perineurium sfrefches, fhe cross-secfional area of 
fhe nerve decreases, nof unlike Chinese finger fraps. 
The compression may lead fo vascular compromise. 
While if has nof been shown experimenfally, if is 
posfulafed fhaf direcf pressure may also lead fo 
deformafion of fhe myelin sheafhs, causing firsf- 
degree injury in fhe mildesf of cases. Af a maximum 
of 20% elongafion, fhe elasfic limif of fhe nerve is 
reached. This is commonly paralleled by physi¬ 
ologic failure. Sunderland® suggesfs fhaf, af fhis 
juncfure, axonal injury franspires, culminafing in 
second-degree injury and Wallerian degenerafion. 
Furfher fension disrupfs endoneurial connecfive 
fissue (ie, fhird-degree injury) wifh pofenfial for 
neuroma formafion. As a maximum of 30% elonga¬ 
fion is approached, fhe mechanical limif of nerve 
infegrify is reached and fhe perineurium fails. Fur¬ 
fher sfrefch inevifably ends wifh epineural desfruc- 
fion and loss of confinuify of fhe nerve frunk.® 

The pivofal role played by fhe perineurium in 
fhe profecfion of peripheral nerves againsf fracfion 
forces is furfher validafed when comparison fo fhe 
nerve roofs is made. Nerve roofs, which are more 
prone fo fracfion injury fhan nerve frunks, possess 
elasfic and mechanical limifs 5% less fhan fhose 
manifesf in nerve frunks. The lack of perineurial 
sheafhing af fhe roof level is fell fo underlie fhis 
suscepfibilify fo fracfion injury.^® 

Prognosis 

Oufcomes following fracfion injuries, as would 
be expecfed, direcfly relafe fo fhe severify of fhe 
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injury. Fascicles and individual nerve fibers may 
sustain widely disparate levels of injury. Integra¬ 
tion of fibers of all levels of performance reflects 
functional outcome. Omer^^^ observed nearly 1,000 
nerve injuries during his tenure at Brooke Army 
Hospital, San Antonio, Texas, during the Vietnam 
conflict from 1966 to 1970. Nerve injury in continu¬ 
ity associated with fractures, fracture-dislocations, 
or dislocations revealed spontaneous recovery in 
approximately 85% of cases. Isolated injury above 
the elbow required on average 2 to 4 months for 
recovery to ensue. Those below the elbow took 1 to 
4 months to recover. Multiple injuries followed 
similar time frames. While electromyography 
(EMG) was mentioned in Omer's^^^ study, no find¬ 
ings were recorded and thus no objective distinc¬ 
tion between neuropraxic and axonotmetic in¬ 
juries can be made. The fact that 37% of spontane¬ 
ous recoveries occurred within the first 6 weeks fol¬ 
lowing the injury may be most consistent with 
a predominant neuropraxia. The rate of recovery 
is too rapid to be explained by reinnervation. The 
remaining 63% required 10 to 32 weeks to fully 
recover. They presumably experienced axonot¬ 
metic or second-degree lesions by Sunderland's^'* 
criteria. These findings are consistent with those 
of Seddon^* who also found that nerve injuries as¬ 
sociated with fractures were predominantly 
axonotmetic. 

Cold Injuries and Exposure 

The ravages of cold-induced injury have been 
well documented during military campaigns of the 
last 2 centuries. Barron Larrey, chief surgeon of 
Napoleon's Grande Armee, documented the effects 
on French troops during their ill-fated assault on 
Russia.*^®The 115,000 cases of "trenchfoot" suffered 
by British soldiers wallowing in the cold, dank mire 
of the trenches of World War I significantly ham¬ 
pered the army's military effectiveness.*^® Ungley 
and Blackwood*®® astutely documented the clinical 
features and pathophysiology of the distal vaso- 
neuropathy termed immersion foot, which was sus¬ 
tained by myriad troops exposed to cold sea water 
for extended periods during World War II. Immer¬ 
sion foot and trenchfoot share the same clinical and 
pathological presentations and are felt to be the 
same syndrome. Despite an enhanced insight into 
cold-induced nerve injuries, they continue to pose 
a significant threat to both military and civilian 
populations. Cold injuries accounted for nearly 20% 
of all British casualties sustained during the 
Falkland war with Argentina in the early 1980s.*®^ 


More recently, immersion foot has become a prob¬ 
lem manifest in the homeless population in the 
United States.*®*latrogenically induced cold injuries 
have also been documented during cryotherapy for 
musculoskeletal injuries.*®® 

Severe exposure to cold commonly results in 
freezing of the tissue with subsequent necrosis. 
Denny-Brown and colleagues*^ observed that di¬ 
rect freezing of rabbit sciatic nerve for 5 minutes 
led to complete necrosis of all involved fibers. En- 
doneurial structures were destroyed with the ex¬ 
ception of the endothelial lining of penetrating 
blood vessels. When direct freezing was limited to 
under 2 minutes, selective involvement of fibers 
was observed. Large myelinated motor fibers were 
more susceptible to injury than myelinated sensory 
fibers and both were more susceptible than unmy¬ 
elinated fibers. 

The absence of neuroma formation or scarring at 
the site of freezing suggests that relatively good re¬ 
covery may be anticipated. Denny-Brown et al*^“ 
observed evidence of regeneration within 1 to 2 
months and completion by 3 months. 

Clinical Considerations 

Less intense cooling to temperatures just above 
freezing leads to a unique syndrome termed trench 
foot in World War I, immersion foot in World War 11. 
In the Ungley and Blackwood series,*®® men exposed 
to immersion of their limbs in sea water at tempera¬ 
tures ranging from 1°C to 9°C for upward of 14 days 
manifest the now classic syndrome-immersion foot. 
Three stages have been described (Table 9-5). 

Stage I prehyperemic. In the prehyperemic stage, 
the extremities are cold, swollen, and numb. An¬ 
esthesia in a stocking or glove distribution is dense. 
Distal pulses may or may not be present. Stage I 
commonly lasts from hours to days. 

Stage II hyperemic. Stage I is followed by a hy- 
peremic stage, which may last 6 to 10 weeks. Sev¬ 
eral findings dominate the clinical picture. Pre¬ 
sumed injury to autonomic nerve fibers leads to 
vasomotor instability. The temperature of the af¬ 
fected limbs remains elevated from 30°C to 34°C, 
with loss of the distal-proximal temperature gradi¬ 
ent. The limb remains erythematous with a viola¬ 
ceous tint. The color change is enhanced by depen¬ 
dency and blanches with elevation. Swelling is ob¬ 
served, especially in limbs that have been inadvert¬ 
ently warmed rapidly. 

Sensory abnormalities often reach their nadir at 
7 to 10 days after rescue and remain sustained at 
this intensity for more than 6 weeks. Parasthesias 
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TABLE 9-5 

CLINICAL PRESENTATION OE NONEREEZING COLD INJURY 


Stage 

Duration 

Presentation 

Stage I 

Prehyperemic 

Onset to several hours or days 

Stocking or glove anesthesia 

Edema, Hypothermia 
± Pulselessness 

Stage II 

Hyperemic 

End of stage I to 6-10 weeks 

Temperature elevation 

Erythema, Edema 

Pain: Dysesthesias, Allodynia, Hyperpathia, 
Lancinating Pain 

Stage III 
Posthyperemic 

End of stage II to years 

Normalization of temperature control 
Persistent hypersensitivity to cold 

Raynaud's phenomenon 

Hyperhidrosis 

Improving sensory and motor function 


are universal in a stocking or glove distribution and 
are intensified by dependent positioning of fhe 
limb. Shoofing and slabbing pains have also been 
nofed. They are more infense wifh dependency and 
may be exacerbafed by exposure fo cold or warmfh, 
exercise, micfurifion, defecafion, or yawning. Com¬ 
monly, pain complainfs are increased af nighf. Hy- 
peresfhesia and allodynia are also commonly ex¬ 
perienced. Sensifivify fo pinprick, lighf fouch, and 
vibrafion are variably decreased or losf. 

Motor sfrengfh of muscles wifhin fhe cooled fer- 
rifory is commonly impaired. Anhydrosis coincides 
wifh fhe exfenf and disfribufion of sensory loss. 
Blisfering may be observed in moderafe fo severe 
cases as early as 3 days posfrescue buf are more 
commonly seen around fhe 8fh fo lOfh day. Heal¬ 
ing may be profracfed and fake from weeks fo sev¬ 
eral monfhs. Hair, fingernails, or foenails may also 
be losf. 

Stage HI posthyperemic. During sfage III, which 
can lasf for weeks fo years, vasomofor confrol be¬ 
gins fo normalize. Skin femperafure and color re- 
furn fo normal. There remains, however, a sensifiv¬ 
ify fo cold fhaf may lasf for monfhs fo years. This 
abnormal response fo cold and emofional sfressors 
is formed Raynaud's phenomenon, and is charac- 
ferized by vasospasm causing painful blanching, 
followed by cyanosis. As fhe vasospasm remifs, fhe 
digifs become eryfhemafous.^'^^Hyperhidrosis may 
develop irrespecfive of environmenfal femperafure. 
Sensory and motor funcfions confinue fo improve. 


Prognosis 

Prognosis following immersion foof is generally 
good. Mild cases resolve wifhin 2 fo 5 weeks. In facf, 
fhe vasf majorify of cases in Whife's^'*^ series re- 
furned fo dufy wifhin 6 weeks. In fhose more se¬ 
verely injured, a more profracfed convalescence 
may fake place lasfing 3 fo 12 monfhs. Of fhe 18 
pafienfs followed long-ferm in fhe Ungley and 
Blackwood^“ series wifh moderafely severe courses, 
35% refurned fo full dufy. Fiffy-four percenf re- 
furned fo lighf dufy, limifed by cold sensifivify and 
sfanding folerance. Only 11% were unable fo refurn 
fo some form of acfive dufy. Long-ferm sequelae in¬ 
cluded infermiffenf shoofing pains in 64%, pares- 
fhesia wifh prolonged sfanding in 35%, and infer¬ 
miffenf swelling in 43%. Sensifivify fo cold re¬ 
mained in fhe majorify up fo 2 years posfrescue. 

Pathophysio logy 

As wifh ofher causafive agenfs, fhe severify and 
complefeness of cold-induced injuries vary wifh fhe 
durafion and intensify of exposure. Suscepfibilify 
fo injury also differs wifh nerve morphology. 
Discrepancies in fhe liferafure abound and may 
reflecf fhe mefhods by which invesfigafors soughf 
fo sfudy fhese quesfions. Many invesfigafions 
based conclusions on clinical findings (eg, loss of 
movemenf or response fo sensory sfimulafion) 
while ofhers have focused on fhe abilify fo evoke 
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SNAPs and compound motor action potentials 
(CMAPs). Further confusing the picture are conclu¬ 
sions based on findings obfained very soon affer 
fhe cooling evenf. 

Temperature 

The sfudy by Schaumburg and colleagues'^^ of 
direcf cryoprobe cooling of caf sciafic nerve evalu- 
afed decremenfing femperafure exposure from 
20°C down fo 6°C. Mofor weakness was observed 
af 10°C. Liffle sfrucfural damage was nofed unfil 
7°C was reached. Response fo lighf fouch was losf 
prior fo loss of pinprick, which waned af 7°C. Nerve 
conducfion velocifies were measured and nofed 
fo be delayed af 7°C. The sfudies were obfained 
wifh needle sfimulafion and recording elecfrodes 
and fherefore no assessmenf of acfion pofenfial am- 
plifudes can be made. Denny-Brown and col¬ 
leagues'^” also showed subsfanfial injury fo rabbif 
sciafic nerves when direcfly exposed fo fempera- 
fures ranging from 5°C fo 8°C. Similar findings were 
reproduced by ofher researchers.'^''"'^® Recenfly, 
Kenneff and Gilliaff'''® nofed a significanf difference 
befween rabbif fibial nerves direcfly cooled af 5°C 
and 1°C for 2 hours. The amplifude of fhe com¬ 
pound mofor unif acfion pofenfial (CMUAP) of fhe 
former decreased by 50% from baseline by fhe fhird 
posfcooling day. The amplifude of fhe laffer 
dropped by over 70%. 

Duration 

The durafion of nonfreezing cold exposure nec¬ 
essary fo effecf peripheral nerve injury undersfand- 
ably hinges on whefher cold is applied direcfly 
or fhrough fhe insulafion of skin, subcufaneous 
faf, and muscle. Direcf cooling of raf sciafic nerve 
fo 3°C for as brief a period as 5 minufes resulfs in 
an inabilify fo propagafe an impulse from a proxi¬ 
mal poinf of sfimulafion. In fhe sfudy by Nukada 
and colleagues,'^® normal lafencies refurned wifhin 
30 fo 40 minufes; however, a persisfenf amplifude 
drop of greafer fhan 40% remained, suggesfing ax¬ 
onal injury. Denny-Brown and colleagues''"’ ob¬ 
served a specfrum of injury fo fibers exposed di¬ 
recfly fo femperafures 5°C fo 8°C for 30 fo 120 min¬ 
ufes. Schaumburg and colleagues'^® observed his¬ 
tologic changes when nerves were direcfly exposed 
af 10°C for af leasf 1 hour buf nof af 30 minufes. Af 
cooler femperafures, even fhose exposed for only 
30 minufes developed subsfanfial injury. More re- 
cenf sfudies''*^'^^ have used 2 hours as a sfandard 
durafion fo provoke direcf nerve injury. 


In fhe more clinically orienfed sfudies during fhe 
fwo World Wars, cold exposure for as shorf a pe¬ 
riod as 14 hours was sufficienf fo cause nerve in¬ 
jury. Mosf soldiers, however, were exposed for sev¬ 
eral days.'®®"'® This was confirmed experimenfally by 
Kenneff and Gilliaff.''*® Rabbif hind limbs immersed 
in 1°C solufion for less fhan 9 hours developed no 
appreciable injury. Variable pafhology was observed 
befween 9 and 14 hours. Injury similar fo fhaf seen 
wifh direcf cooling af 2 hours was observed when 
fhe limb was cooled in excess of 14 hours. 

Type of Nerve 

As wifh fhe ofher variables discussed, discrep¬ 
ancies in fhe liferafure regarding differenfial sensi- 
fivify fo cold injuries befween differenf nerve fypes 
are widespread and likely reflecf differenf mefhods 
used in some of fhe earlier sfudies. Denny-Brown 
and colleagues''"’ and Schaumburg and colleagues'''® 
monitored fhe loss of mofor and sensory funcfion. 
In bofh sfudies, fhe invesfigafors observed paraly¬ 
sis of muscles innervated by fhe involved nerves af 
femperafures below 7°C and 10°C, respecfively. Sen¬ 
sory loss occurred later af 0°C and 5°C, respecfively. 
If was inferred fhaf large myelinafed fibers were 
more suscepfible fo cold fhan smaller myelinafed 
fibers and bofh more easily injured fhan unmyeli- 
nafed fibers. Recenf sfudies"®"® employing elec- 
frodiagnosfic techniques as well as elecfron micros¬ 
copy subsfanfiafe fhe clinical findings of Denny- 
Brown and colleagues. 

Morphologic Changes 

Direcf exposure fo nonfreezing cold induces 
characferisfic morphological changes in fhe periph¬ 
eral nerve. Axonal swelling wifh clumping of elec¬ 
fron dense maferial can be seen by elecfron micros¬ 
copy as early as 6 hours affer exposure. By 24 hours, 
profound subperineurial and endoneurial perivas¬ 
cular edema is presenf. Disrupfion of fhe myelin 
sheafh info ovoid masses and an invasion by mac¬ 
rophages wifh associafed degenerafion of fhe dis- 
fal axon commences befween fhe fhird and sevenfh 
day. While pafchy demyelinafion was seen in sev¬ 
eral axons in a number of sfudies, fhe vasf consen¬ 
sus is fhaf demyelinafion is nof a primary pafho- 
logic process. 

Electrodiagnosis 

Elecfrodiagnosfic sfudies performed by Kenneff 
and Gilliaff"® corroborafe fhe finding hisfologically 
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of Wallerian degeneration as the principal pathol¬ 
ogy. One hour following cooling, motor action po¬ 
tentials could be evoked below the level of the in¬ 
jury. No potential could be obtained during stimu¬ 
lation proximal to the lesion. Prior experiments^'*® 
that did not serially perform nerve stimulations 
for periods beyond the acute injury may have mis¬ 
construed this as conduction block or focal demy- 
elination. Recordings on the second and third 
postinjury days revealed a progressive loss of mo¬ 
tor action potential amplitude. By the third day, 
distal amplitudes resembled those evoked proxi- 
mally. Follow-up studies*^® revealed improvement 
of amplitude both proximally and distally from al¬ 
most 45% of preinjury at day 3 to nearly 75% of 
preinjury at 4 weeks. It was felt that the improve¬ 
ment reflected collateral sprouting as not enough 
time had elapsed for reinnervation from regenerat¬ 
ing fibers to occur. 

Generalized cooling by immersion revealed in¬ 
triguing results. The main sites of injury were not 
at the distal ends of the nerve fibers but at well de¬ 
marcated areas at the junction of the middle and 
upper thirds of the tibia, correlating to the area just 
below surface level. It was postulated that the 
abrupt temperature gradient may be the affecting 
variable. 

While the type of injury induced by nonfreez¬ 
ing cold has become discernible, the means by 
which this damage occurs remains obscure. It has 
been suggested by Bausbaum*^^that several mecha¬ 
nisms may come into play. Low temperatures may 
increase the viscosity of lipids within the axon mem¬ 
brane and alter its selective permeability proper¬ 
ties and ability to propagate impulses. Another 
mechanism, which has been well described, is the 
suspension of axonal transport associated with cool¬ 
ing. Nukada and colleagues*^® showed that by 3 to 
5 days after cooling, the blood-nerve barrier had 
been breached. The increased permeability coupled 
with poor endoneurial lymphatic drainage leads to 
vasogenic edema, which may also compromise ax¬ 
onal transport and other metabolically driven 
mechanisms. An inability to clear accumulating 
waste and toxins may also play a role. 

Penetrating Injuries 

The passage of high- and low-velocity missiles 
through soft tissue produces a wide array of dev¬ 
astating injuries. Almost 70% of penetrating 
wounds evaluated by the Physical Medicine and 
Rehabilitation Service at Walter Reed Army Medi¬ 


cal Center during the Persian Gulf War were asso¬ 
ciated with peripheral nerve injuries.® Injuries 
caused by projectiles are undoubtedly the most 
common of all war-related trauma. A complete dis¬ 
cussion of this topic is beyond the scope of this 
chapter but can be found in the Textbook of Mili¬ 
tary Medicine volume dedicated to injuries associ¬ 
ated with conventional warfare. Conventional War¬ 
fare: Ballistic, Blast, and Burn Injuries.^*^ 

Pathophysio logy 

Elegant models developed by Harvey et aP^® at 
Princeton University during the 1940s simulated the 
primary and secondary destruction caused by the 
passage of high-velocity missiles. As the projectile 
enters the body it pulverizes all soft tissues in its 
path, transforming them into a bloody pulp. Imme¬ 
diately following the projectile, a large, subatmo- 
spheric cavity develops, whose volume is many times 
that of the primary missile track. The cavity rap¬ 
idly expands and contracts, producing severe 
stresses and strains in the adjacent soft tissues. Sec¬ 
ondary damage to the soft tissues surrounding the 
cavity occurs because of the initial rapid stretch and 
subsequent recoil.*^® Oscillating shock waves, mov¬ 
ing at the speed of sound have also been measured in 
regions of the body distant from the site of impact.*®” 

Peripheral nerve injury caused by penetrating 
wounds can be attributed to three different mecha¬ 
nisms. Large segments of nerves may be destroyed 
by direct contact with the missile. Commonly, a 
complete, fifth degree injury occurs in these situa¬ 
tions with expansive gaps between nerve endings 
observed on inspection. Damage can also occur 
without a direct hit to the nerve. Nerves, like other 
components of soft tissue, are markedly displaced 
and deformed by the large cavity following missile 
passage. A spectrum of stretch and compression 
injuries ensues. Puckett et al*®* observed effects on 
the sciatic nerves of cats subjected to the impact of 
high-velocity spheres whose impact velocity ranged 
between 3,200 and 4,100 ft/sec. The rate of soft tis¬ 
sue displacement by the temporary cavity was one 
tenth of the impact velocity (300 to 400 ft/sec). In 4 
of 22 cases in which the sciatic nerve was not hit 
but was within the zone of soft tissue pressure wave 
expansion, the nerves remained grossly in continu¬ 
ity. The rapid displacement of the nerve led to a 
wide variety of histological changes. Destruction of 
axon cylinders with maintenance of surrounding 
connective tissue (ie, second degree injury) was the 
mildest form of injury observed. Commonly, re- 
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gions of intrafascicular and interfascicular fiber 
destruction was noted (ie, third and fourth degree 
injuries). Nerve conduction studies (NCSs) per¬ 
formed within several hours of impact revealed an 
inability to propagate an impulse from the level of 
the wound or slightly proximal to it. Puckett et aP®^ 
also observed 15 subjects in which the ability to 
propagate an impulse across the injured region was 
maintained. It was presumed that no injury oc¬ 
curred in these nerves because they were outside 
the perimeter of the temporary cavity. The extent 
to which cavitation causes injury to peripheral 
nerves remains unclear. Unfortunately, no micro¬ 
scopic evaluations or changes in the morphology 
of the evoked potentials were mentioned. Thus, it 
cannot be deduced as to whether milder (eg, first 
degree) or incomplete injuries to these nerves were 
truly experienced. An alternate explanation sug¬ 
gests that electromechanical effects caused by cavi¬ 
tation may cause the neurodysfunction. 

The prospect of neurological injury in parts of 
the body well distant from the site of impact re¬ 
mains controversial. Initially raised by Harvey et 
aP“ and later confirmed by Berlin^®^ and Tikka et 
al,^®^ current consensus in the field remains polar¬ 
ized with as many supporting the theory as oppos¬ 
ing it. Suneson et aP®® recorded pressure waves of 
injuriously high energy and amplitude, moving at 
the speed of sound not only in the abdomen and 
thorax of pigs wounded in one thigh but also in the 
brain and contralateral thigh. While macroscopic 
integrity of the contralateral sciatic nerve was main¬ 
tained, electron microscopy revealed distortion of 
myelin sheaths as well as axons. Microtubules were 
unusually sensitive, experiencing disarray and dis¬ 
integration. 

Clinical Considerations 

Prognosis following penetrating injuries depends 
not only on the integrity of the peripheral nerve but 
also on the extent of concomitant injury to muscles, 
bone, and vascular structures. While data obtained 
in the civilian sector regarding shotgun injuries can¬ 
not be directly generalized to reflect the military 
experience, some important parallels can be made. 
Fifty-nine percent of shotgun injuries to the upper 
extremities included nerve damage.^“Nerve injury 
occurred at a rate of 40% when all gunshot wounds 
were included and 50% when all penetrating trauma 
was assessed.Of the shotgun wound cases, 60% 
required skin or pedicle grafts to cover soft tissue 
defects, fractures occurred in 64%, and vascular dis¬ 


ruption was observed in 33%. 

Other studies^^'^®® measuring the association of 
nerve injury and vascular injury have an observed 
rate of 37% in close-range shotgun injuries and 
5^%i58for ap penetrating trauma. According to 
Visser and colleagues,'®^ data from the Vietnam vas¬ 
cular registry documented a 44% incidence of con¬ 
current nerve and vascular injury. When broken 
down by extremities, both civilian and military sec¬ 
tors convey a preponderance of complex injuries 
involving the upper extremities. Over 70% of up¬ 
per extremity vascular injuries from projectiles were 
complicated by peripheral nerve injuries. Lower ex¬ 
tremities sustaining vascular injuries manifest nerve 
damage in 32% of civilian cases and 25% of mili¬ 
tary casualties. 

Omer'®^ assessed outcomes of nerve injuries from 
high- and low-velocity gunshot wounds sustained 
during the Vietnam War. Good outcomes were de¬ 
fined as return of sensibility to pressure of less than 
3.84 (0.693 F/gm) by Semmes-Weinstein pressure 
esthesiometry and manual muscle-testing grade of 
fair or better. Omer's findings were consistent with 
those obtained by Foerster in World War I and by 
Sunderland in World War II (as cited in Omer'^’). In 
all three conflicts, nearly 70% of nerve injuries as¬ 
sociated with gunshot wounds recovered sponta¬ 
neously to a good level. 

Isolated low-velocity (1,000-1,500 ft/ s at impact) 
nerve injuries above the elbow required on aver¬ 
age 4 to 7 months to recover, while those below the 
elbow recovered more rapidly, in 3 to 6 months. 
When more than one nerve was involved above the 
elbow, recovery averaged 5 to 8 months. Multinerve 
injuries below the elbow averaged 3 to 7 months to 
recovery. A bimodal distribution is observed when 
all low-velocity injuries are included. A majority 
recover within the first 6 weeks and a second peak 
is noted at the 5 to 6 month mark. These differences 
may reflect primarily neuropraxic injuries in the 
former and axonotmetic lesions in the latter. 

High-velocity (2,500-3,000 ft/s at impact) nerve 
injuries differed little in recovery time in relation 
to location above or below the elbow. Isolated inju¬ 
ries required 3 to 6 months for recovery and mul¬ 
tiple injuries averaged 5 to 9 months. 

These findings are more optimistic than those 
conveyed in the civilian shotgun literature in which 
transection, nonfunctional, and no recovery groups 
comprised nearly 80% of outcomes.'®*’ Eighty-six 
percent of vascular injuries complicated by periph¬ 
eral nerve injuries in civilian cases culminated in 
significant functional impairment.'®^ 
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The differences in oufcome may likely be ex¬ 
plained by ballisfics. Shofgun injuries are of lower 
velocify, on average 1,200 ff / s. The blasf and shock 
wave effecfs are less profound fhan fhose generafed 
by high-velocify missiles. The local effecf is more 
injurious, however, as upwards of 275 14-mg shofs 
are concenfrafed info a small area. As fhe shofs en- 


counfer differenf tissue planes and densities, fheir fra- 
jecfories may change. A wide area of local frauma 
occurs. While oufcome dafa are nof yef available, in¬ 
juries caused by modern ordinance, which spray small 
fragmenfs af low-velocifies, may be more similar fo 
fhose experienced in shofgun injuries fhan fo fhe 
high-velocify missile injuries of previous wars. 


ELECTRODIAGNOSIS OE PERIPHERAL NERVE INJURIES 


General Principles 

Elecfrodiagnosis is a special form of diagnostic 
fesf designed fo assess fhe infegrify of peripheral 
nerves, neuromuscular junctions, or muscles. If 
is an exfension of fhe hisfory and physical ex¬ 
amination and is nof infended fo be performed in 
isolafion. If is, however, infended fo augmenf fhe 
informafion obfained fhrough inferview and care¬ 
ful examination of fhe pafienf. Elecfrodiagnosfic 
fesfing offers qualifafive and quanfifafive infor¬ 
mafion regarding severify and disfribufion of nerve 
injury or disease and informafion fhaf may be help¬ 
ful in defermining prognosis. The qualify and ac¬ 
curacy of an elecfrodiagnosfic sfudy is highly de- 
pendenf on fhe experfise and experience of fhe 
elecfromyographer. 

If is imperafive fhaf meficulous affenfion fo 
proper fechnique be employed af all times fo en¬ 
sure accuracy and reproducibilify. Alfhough guide¬ 
lines for performing a specific type and number of 
tests for a suspected clinical problem have been es¬ 
tablished by the American Association of Electrodi¬ 
agnostic Medicine (AAEM), each elecfrodiagnosfic 
evaluation must be tailored to the patient's presen¬ 
tation. It is not uncommon to alter the approach to 
a clinical problem during the course of the test as 
new information is gathered and a new differential 
diagnosis is entertained. 

Elecfrodiagnosis offers a physiologic perspective; 
imaging studies, such as magnetic resonance im¬ 
aging or computed tomography scans, offer an 
anatomic view of suspected pathology. It is impor¬ 
tant to recognize and document electrical abnor¬ 
malities in nerves or muscles. It is particularly criti¬ 
cal to understand the clinical implications of these 
electrical abnormalities in order to properly inter¬ 
pret the findings. General categories of pathology 
can be detected by an appropriately designed elec¬ 
trodiagnostic study; classes of disorders detectable 
by elecfrodiagnosis include the following: 

• disorders of the motor neuron. 


• diseases of the roots and plexus polyneuro¬ 
pathies, 

• entrapment and mononeuropathies, 

• neuromuscular transmission disorders, and 

• myopathies. 

Elecfrodiagnosis is separated into two general 
types of electrical studies: NCS or EMG. The term 
EMG is sometimes used to refer to both nerve con¬ 
duction studies and electromyography. These stud¬ 
ies provide the foundation on which more sophis¬ 
ticated studies such as repetitive nerve stimulation, 
single fiber, macro EMG, and somatosensory stud¬ 
ies are performed. 

Neurophysiology 

Motor Unit 

The motor unit is defined as an anterior horn cell, 
its axon and corresponding terminal branches, the 
associated neuromuscular junctions, and all 
muscles fibers innervated by the axon. It is the small 
functional element of contraction.^®® Discharge of a 
motor unit results in synchronous contraction of all 
muscle fibers innervated by the axon. Pathology 
may occur at any point or segment along this path 
and is potentially detectable with selective elec¬ 
trodiagnostic studies. 

The average size of a motor unit can be expressed 
as the ratio between the total number of extrafusal 
fibers and the number of innervating motor axons. 
This is referred to as the innervation ratio: 

Innervation ratio = 

Total number of muscle fibers 
Total number of innervating motor axons 

Motor axons vary in the number of muscle fibers 
they innervate depending on the type of muscle in¬ 
volved. For example, extraocular muscles have few 
muscle fibers per axon (ratio of 3:1), while the gas¬ 
trocnemius muscle has hundreds of muscle fibers 
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per axon. Those muscles with a small ratio are in¬ 
volved in fine gradations of movemenf, while fhose 
wifh larger rafios produce relafively coarse move- 
menfs.^“Mofor unifs also vary in fheir size. Some 
have fhick and exfensively myelinafed axons while 
some are unmyelinafed. The heavily myelinafed 
axons conducf fasfer fhan fhe unmyelinafed axons. 
Large diamefer, myelinafed axons conducf impulses 
af abouf 60 m/s, while small diamefer axons wifh 
less myelin conducf af abouf 45 m/s.^®^ 

The larger motor unifs have a higher innervafion 
rafio, greafer fwifch fensions, fasfer fwifch confrac- 
fions, and a greafer fendency fo fafigue.^“The size 
principle of Henneman^“ proposes fhaf motor unifs 
are recruifed in an orderly fashion wifh small mo¬ 
tor neurons acfivafed firsf, followed by progres¬ 
sively larger mofor neurons. Thus, mild confracfion 
efforfs reflecf acfivafion of smaller mofor unifs 
while progressively increasing confracfion force is 
fhe resulf of acfivafion of larger mofor unifs. Wifh 
few excepfions, fhe Henneman size principle is ap¬ 
plicable fo virfually any volunfary acfivafion of 
mofor unifs. 

Mofor neuron disorders and neuropafhy, for ex¬ 
ample, fypically do nof alfer fhe size principle. 
However, an excepfion fo fhe rule may include fhe 
random recruifmenf paffern generafed affer rein- 
nervafion has occurred in a previously fransecfed 
peripheral nerve.This loss of fhe size principle 
response is affribufable fo fhe misdirecfion of mo¬ 
for axons and fhe associafed impairmenf or loss of 
orderly recruifmenf. If is possible fo reesfablish fhe 
size principle affer fransecfion of a nerve if fhe af- 
fecfed mofor axons can reinnervafe fheir respecfive 
original muscle fibers.^'’^Histologically, all muscle 
fibers of a given mofor unif share fhe same charac- 
ferisfics. The muscle fiber ferrifories of differenf 
mofor unifs overlap so fhaf muscle fibers of a single 
mofor unif are in confacf infrequenfly wifh fibers 
innervafed by fhe same mofor unif.^'’” 

Membrane Potential 

Muscle membranes polarize af -90 mV while nerve 
axons polarize af -70 mV.^'’® Suprafhreshold sfimula- 
fion resulfs in generafion of an acfion pofenfial due fo 
increased sodium conducfance. An all-or-none phe¬ 
nomenon occurs affer fhreshold depolarization, inde- 
pendenf of fhe type of stimulus applied. 

An elecfrical sfimulafor has a cafhode, or nega¬ 
tive pole, and an anode, fhe posifive pole. Elecfri¬ 
cal stimulation generafes negative charges under 
fhe cafhode exfernal fo fhe axon membrane, caus¬ 


ing a relafive increase in fhe posifive charges infer¬ 
nal fo fhe axon membrane af fhe same poinf along 
fhe axon. This process is referred fo as cafhodal de- 
polarizafion. Under fhe anode, negafive charges 
leave fhe membrane surface, resulfing in greafer 
negafivify inside fhe cell and creafing anodal hy- 
perpolarizafion. Wifh depolarizations of 10-30 mV, 
fhreshold of fhe membrane pofenfial is reached and 
an all-or-none acfion pofenfial is generafed. The 
acfion pofenfial propagafes inbofh directions along 
fhe nerve from fhe poinf of sfimulafion. 

Strength-Duration Relationship 

The shorfer fhe durafion of elecfrical sfimulafion, 
fhe greafer fhe infensify required fo produce fhe 
same degree of depolarizafion. The sfrengfh- 
durafion curve illusfrafes fhis principle graphically. 
Rheobase is fhe minimal currenf sfrengfh below 
which no response occurs even if fhe currenf lasfs 
greafer fhan or equal fo 300 ms. Chronaxie is fhe 
minimum durafion of currenf necessary fo excife 
fhe cell af fwice fhe rheobase. The use of chronaxie 
and rheobase fo defermine nerve excifabilify is 
somewhaf anachronistic as more precise and use¬ 
ful fechniques have been developed over fhe pasf 
several decades. 

Mofor neurons have an inherenf excifabilify fhaf 
correlafes wifh fhe axon diamefer, conducfion ve- 
locify, and mofor unif size. An acfion pofenfial can 
be propagafed af greafer speed if fhe four follow¬ 
ing condifions are presenf^“: 

1. fasfer rafe of acfion pofenfial generafion, 

2. increased currenf flow along fhe axon, 

3. lower depolarizafion fhreshold, and 

4. higher femperafure. 

Myelinafed fibers propagafe acfion pofenfials via 
salfafory conducfion, which involves currenf 
"jump" from one node of Ranvier fo anofher. This 
is in confrasf fo fhe confinuous propagafion of im¬ 
pulses along unmyelinafed fibers. The greafer fhe 
myelin fhickness, fhe less fhe infernodal capacifance 
and conducfance. As a resulf, for a given axon di¬ 
amefer, fhe greafer fhe myelin fhickness, fhe fasfer 
fhe conducfion velocify. 

In demyelinafing condifions, infernodal capaci¬ 
fance and conducfance increase, inhibifing acfion 
pofenfial propagafion. If sufficienf inhibition occurs 
fo cause failure fo acfivafe fhe nexf node, conduc¬ 
fion block occurs. If inhibifion is incomplefe, con¬ 
ducfion velocify may be slowed wifh femporal dis- 
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Fig. 9-15. Schematic illustrations of the neu¬ 
romuscular junction. A, B: Light micro¬ 
scopic views of the motor endplate. C: Cross- 
sectional electron microscopic view of the 
motor endplate. Neurotransmitter is re¬ 
leased from the neural synaptic vessels into 
the cleft. Interactions between neurotrans¬ 
mitter quanta and postsynaptic receptors 
result in subthreshold depolarization, 
termed miniature endplate potentials. 
Adapted with permission from Kimura J. 
Electrodiagnosis in Diseases of Nerve and 
Muscle: Principles and Practice. 2nd ed. Phila¬ 
delphia, Pa: FA Davis Co; 1989: 171. 


persion of the action potential. In focal demyelinat- 
ing conditions due to compression, the capacitance 
of the internodal membrane may actually be de¬ 
creased due to the pathological narrowing of the fi¬ 
ber diameter. As an isolated change, this would fa¬ 
cilitate impulse conduction. However, increased 
resistance to action potential propagation second¬ 
ary to the compression greatly outweighs this effect 
and results in slowing or block of conduction from 
one node to the next at the site of compression. 

An impulse is conducted electrically from the 
anterior horn cell to the neuromuscular junction. 
At the junction, transmission is continued via the 
presynaptic release of acetylcholine (Figure 9-15). 
The acetylcholine then binds with acetylcholine re¬ 
ceptors on the postsynaptic membrane, generating 
an electrical impulse. If a sufficient number of ace¬ 
tylcholine molecules are released and successfully 
bind with the receptors, the impulse then propa¬ 
gates down the muscle fiber at 4 to 7 m/s.^®^'^'’® 

Instrumentation 

NCSs and EMG are performed on highly sophisti¬ 
cated instruments. Many of these instruments are 
equipped with computers for rapid acquisition and 
display of electrodiagnostic data. Some are capable 
of storing and retrieving both numerical information 
and graphs. The electrodiagnostic machine is composed 
of multiple integrated components (Figure 9-16). 

At the very minimum, the instrument should be 
able to display latency and amplitude of a SNAP or 
CMAP. The duration of the action potential may be 



Fig. 9-16. Modern computer based electrodiagnostic ma¬ 
chine. Includes preamplifier, differential digital ampli¬ 
fier, stimulating electrode, color monitor, audio speak¬ 
ers, printer, and floppy disk memory storage. 
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calculated or automatically recorded. The measure¬ 
ment of the area under the curve of fhe acfion po- 
fenfial may be desirable and is available on some 
elecfrodiagnosfic insfrumenfs. All such devices 
have a range of frequencies over which elecfrical 
acfivify is recorded. Some offer only selecfed ranges, 
while ofhers permif manual selecfion of a broad 
range of low fo high frequencies depending upon 
fhe desired resulf. 

Elecfrodiagnosfic sfudies involve fhe recording, 
amplificafion, filfering, processing, display, mea- 
suremenf, and inferprefafion of biologic elecfrical 
dafa defecfed by surface or needle elecfrodes. The 
dafa obfained fhrough EMG involve needle elec- 
frode pickup of volifional motor unif acfion pofen- 
fials and sponfaneous pofenfials arising from 
muscle membrane insfabilify. Nerve conducfion 
sfudies involve elecfrical sfimulafion of sensory or 
mofor fibers or bofh, and pickup of fime-locked sen¬ 
sory, motor, or mixed acfion pofenfials af a sepa- 
rafe, accessible poinf along fhe nerve or muscle. 

Acfion pofenfials are generafed in fhe human 
body, which acfs as a volume conductor. Elecfrical 
signals defecfed by fhe elecfrodes are firsf ampli¬ 
fied and filfered fo eliminafe environmenfal disfor- 
fion of fhe desired acfion pofenfials. Real fime or 
analog signals are fransformed info digifal dafa dis¬ 
played as waveforms on fhe monitor of an elecfrodi¬ 
agnosfic machine. The visually displayed dafa are 
accompanied by acousfic dafa corresponding fo fhe 
analog signals received. 

Waveform display of an acfion pofenfial, by defi- 
nifion, requires fwo elecfrodes because an acfion po¬ 
fenfial is defined as fhe difference befween fwo elec¬ 
frodes locafions in a volume conductor. Acfion po¬ 
fenfial amplifudes are expressed in millivolfs and 
microvolfs; currenfs are expressed in milliamperes 
and microamperes; and impedances in kilohms and 
megohms. Lafency and durafion of acfion pofen¬ 
fials are measured in milliseconds and microsec¬ 
onds. 

Compound mofor acfion pofenfials are obfained 
by placing an acfive elecfrode on a muscle's mofor 
poinf. The reference elecfrode is placed on a rela- 
fively elecfrically inacfive sife, such as fhe fendon 
of fhe muscle, in order fo maximize fhe waveform 
amplifude. If fhe acfive and reference elecfrodes 
are placed in similarly elecfrically acfive sifes, fhen 
little differenfial amplificafion occurs, and fhe re- 
sulfing waveform amplifude will be significanfly 
affenuafed. 

Sensory nerve acfion pofenfial waveforms appear 
fo be opfimally displayed when fhe disfance be¬ 
fween fhe acfive and reference elecfrodes is greafer 


fhan fhe spafial exfenf of fhe pofenfial's rise fime. 
Thus, an inferelecfrode separafion of greafer fhan 
or equal fo 4 cm is preferred in order fo obfain maxi¬ 
mum waveform amplifude. An inferelecfrode dis¬ 
fance less fhan 4 cm resulfs in reducfion of fhe ac¬ 
fion pofenfial due fo greafer common mode rejec- 
fion.^^"'^^^ 

Amplification 

Amplificafion is expressed as a gain or sensifiv- 
ify facfor. The gain is fhe rafio of fhe amplifier ouf- 
puf fo ifs inpuf signal. An inpuf of lOpV, which re¬ 
sulfs in an oufpuf of 1 V, has a gain of 100,000.'^^'^^^ 
Sensifivify is a rafio of inpuf volfage fo fhe size of 
deflecfion of fhe cafhode ray fube (CRT).^^' If is re¬ 
corded as fhe number of microvolfs or millivolfs per 
division. A division on fhe CRT grid is fypically 1 
cm. Elecfrodes and amplifiers form a circuif depen- 
denf on Ohm's Law, which sfafes fhaf volfage (E) is 
equal fo fhe currenf (7), mulfiplied by fhe resisfance 
(R). Thus: 

E = 7 • R 

Impedance (Z) is subsfifufed for resisfance (R) 
when dealing wifh alfernafing currenfs. Ohm's Law 
is modified in fhe following fashion: 

E = 7 • Z 

The elecfrode and amplifier form a series circuif 
in which bofh have an impedance value. Because 
each parf of fhe circuif has an impedance, fhe fofal 
volfage drop across such a circuif is due fo fhe sum- 
mafion of volfage reducfion across each circuif 
componenf. The volfage of fhe observed signal is 
direcfly proporfional fo fhe impedance of fhe amp¬ 
lifier and indirecfly proporfional fo fhe sum of fhe 
impedance of fhe elecfrode and amplifier.^^^ The 
higher fhe impedance of fhe inpuf amplifier, fhe less 
fhe impacf of fhe elecfrode impedance. Thus, a sig¬ 
nal is maximized if fhe impedance of fhe amplifier 
(fypically up fo hundreds of megohms) is subsfan- 
fially greafer fhan fhe impedance of fhe elecfrode 
(fypically recorded in kilohms). 

Differential Amplification 

Differenfial amplifiers are used in elecfrodiag¬ 
nosfic machines for fhe purpose of amplifying fhe 
difference befween inpuf from acfive and reference 
elecfrodes (difference mode signals), while cancel¬ 
ing similar signals (common mode signals). The 
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differential amplifier requires an input terminal for 
an active and reference recording electrode, as well 
as an input terminal for a ground electrode. Al¬ 
though no two electrodes have exactly equal im¬ 
pedance, it is important to minimize the electrode 
impedance difference in order to optimally reduce 
common interference signals. Also, a high ampli¬ 
fier input impedance serves to minimize the effect 
of electrode differences in impedance. 

The common mode rejection ratio (CMRR) is the 
ratio of the output of the amplifiers when a signal 
is amplified differentially vs that present in the com¬ 
mon mode.It provides a means of identifying the 
differential amplification between the signal and the 
common mode voltage.Most electrodiagnostic 
equipment has a CMRR greater than or equal to 
10,000. According to Kimura,^“ differential ampli¬ 
fiers should have a CMRR exceeding 100,000. How¬ 
ever, he points out that even high CMRRs may not 
completely eliminate extrinsic interference for the 
following two main reasons: 

1. Although electromagnetic interference 
similarly affects each electrode, there is a 
variable degree of difference depending on 
the position of the electrodes. 

2. There is also a variable degree of difference 
between the electrodes depending on their 
unequal electrical contacts. 

Use of short, well-shielded electrode cables and 
proper grounding of the patient, bed, and electrodi¬ 
agnostic instrument are important measures to re¬ 
duce electrogmagnetic interference. 

Filters 

Action potentials generated in electrodiagnostic 
studies are the result of a summation of sine waves 
of variable amplitudes and frequencies.High 
frequencies are manifested by the rapidly chang¬ 
ing components of a waveform, while low frequen¬ 
cies are found in the slowly changing portions of a 
waveform. In waveforms obtained with NCSs, the 
rapidly changing portions of the waveforms include 
baseline take-offs, inflection points, rise time, and 
peaks. Slowly changing components include 
baseline returns and total potential durations. In EMG, 
the initial and terminal segments of the CMUAPs 
and the terminal portions of positive sharp waves 
constitute low-frequency components. 

Filters permit the recording of the desired signal 
by allowing input of all frequencies of interest con¬ 
tributing to the intended signal, while eliminating 


as much electrical interference as possible. Thus, 
this process helps to minimize contamination of the 
desired signal by extraneous electrical input. A 
high-frequency (low-pass) filter shunts high fre¬ 
quencies, but passes low frequencies. A low- 
frequency (high-pass) filter blocks low frequencies, 
but allows passage of high frequencies. 

Different low- and high-frequency filter settings 
are required for different forms of electrodiagnos¬ 
tic evaluation in order to maximize recording of 
desired frequencies. The low-frequency value indi¬ 
cates the lowest frequency to which an amplifier 
will respond, while the high-frequency value indi¬ 
cates the highest frequency detectable by the am- 
plifier.^^^ Recommended filter settings include the 
following: 2 to 10 Hz low frequency to 10,000 Hz 
high frequency for motor NCSs; 2 to 10 Hz low fre¬ 
quency to 2,000 Hz high frequency for sensory 
NCSs; 20 to 30 Hz low frequency to 10,000 Hz high 
frequency for routine EMG; and 500 to 1,000 Hz low 
frequency to 10,000 to 20,000 Hz high frequency for 
single fiber EMG. Somatosensory evoked potential 
filter settings are typically 1-10 Hz low frequency 
to 500 to 3,000 Hz high frequency (Table 9-6).^^^ 

Changes in the low- and high-frequency filter 
settings result in alteration of the sensory and mo¬ 
tor action potentials obtained. For instance, progres¬ 
sively increasing the low-frequency filter when 
evoking a SNAP results in a progressive decrease 
in its amplitude, peak latency, and negative spike 
duration, but possible increase in its overall dura¬ 
tion, particularly if an extra phase occurs in the ter¬ 
minal portion of the signal. If the low-frequency fil¬ 
ter is set too low, it results in an unstable baseline. 


TABLE 9-6 

COMMON FILTER SETTINGS FOR 
ELECTRODIAGNOSTIC STUDIES 


Test 

Low Frequency 
(Hz) 

High Frequency 
(Hz) 

Motor nerve 

conduction 

2 to 10 

10,000 

Sensory nerve 

conduction 

2 to 10 

2,000 

Standard EMG 

20 to 30 

10,000 

Single fiber EMG 

500 to 1,000 

10,000 to 20,000 

Somatosensory 

evoked potentials 

1 to 10 

500 to 3,000 


EMG: electromyography 
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If the high frequency filter is set too low, the ampli¬ 
tude of the high-frequency or rapidly changing 
components of the evoked action potential is re- 

ducedd^'i"''""" 

Frequencies obtained by needle electrode (elec¬ 
tromyography [EMG]) may range from 2 Hz to 
10,000 Hz, although as noted previously, some pre¬ 
fer 20 to 30 Hz to 10,000 Hz. Increasing the low- 
frequency cutoff value from 2 Hz to 32 Hz sup¬ 
presses slowing changing components of a CMUAP. 
Fibrillations and insertional activity contain prima¬ 
rily high-frequency components and are, thus, not 
significantly affected by raising the low-frequency 
cutoff value. However, the tail of the positive sharp 
wave, a slow-moving component of this potential, 
will be distorted with progressive increase in the 
low-frequency component. 

Electrodes 

Electrodiagnostic evaluations require three elec¬ 
trodes, one active, one reference, and one ground 
electrode. Surface electrodes placed over muscle 
motor points in NCSs record summated electrical 
activity from many motor units. Needle electrodes 
in EMG pick up individual motor unit action po¬ 
tentials generated within a restricted radius of the 
recording tip. The ground electrode drains off cur¬ 
rents originating from electromagnetic interference. 
Needle electrodes currently available include 
monopolar, standard or coaxial concentric, bipolar 
concentric, single fiber, multielectrode, flexible wire 
electrodes, and glass microelectrodes. 

Monopolar and concentric needle electrodes are 
most commonly used. The monopolar needle is 
made of stainless steel and coated with Teflon ex¬ 
cept at the tip. It is used with a surface reference 
and ground electrode. It is less painful, less expen¬ 
sive, and records a larger action potential than the 
concentric needle. The CMUAP amplitude recorded 
with a faulty monopolar needle is decreased, pos¬ 
sibly because the increased surface area of the re¬ 
cording tip has a decreased impedance and expands 
the region over which potentials are averaged. 
The duration of the CMUAPs recorded is also de¬ 
creased when using a monopolar needle with a de¬ 
fective Teflon coating.Monopolar needle imped¬ 
ance is lower than that of concentric needles. Un¬ 
der certain circumstances, it may be advantageous 
to use a monopolar needle for stimulation of a 
nerve. Care must be taken to strip back the Teflon 
coating several millimeters, otherwise the concen¬ 
trated focus of stimulation produced by a normal 
needle may cause excessively high local electrical 


current flow, resulting in focal nerve injury.'^^ Al¬ 
ternatively, the use of an unmodified monopolar 
needle for stimulation with a current duration lim¬ 
ited to 0.05 ms reportedly prevents axonal in¬ 
jury. 

The coaxial concentric needle has a stainless steel 
cannula with a nichrome, silver, or platinum wire 
in the center of the shaft. The central wire electrode 
is separated from the cannula by an insulating ma¬ 
terial. The needle is designed to register a potential 
difference between the center wire and the shaft. A 
separate surface electrode serves as the ground. 

The bipolar concentric needle has a cannula 
which contains two fine stainless steel or platinum 
wires. This needle is larger in diameter than the 
coaxial concentric needle. The potential difference 
between the two inner wires is recorded. The can¬ 
nula serves as the ground. Thus, electrical activity 
is recorded from a substantially smaller area than 
that recorded with the standard concentric needle. 

The concentric needle electrodes have increased 
common mode rejection and record a slightly re¬ 
duced action potential amplitude relative to the 
monopolar electrode since the cannula, which 
serves as a reference, detects similar activity to the 
active recording surface. The concentric needles also 
register slightly smaller motor unit amplitudes com¬ 
pared to monopolar needles because there are fewer 
muscle fibers within the recording range of the ac¬ 
tive electrode. The concentric needle electrodes gen¬ 
erally produce a more stable baseline than that 
achieved with monopolar electrodes. 

The single fiber needle electrode has a signifi¬ 
cantly smaller leading tip from which to record 
muscle activity. It specifically records action poten¬ 
tials from individual muscle fibers rather than mo¬ 
tor units. It typically has a cannula diameter of 0.5 
mm or less and the active recording wire is 25 pm 
in diameter. The wire is located proximal and op¬ 
posite to the bevel of the needle. The cannula acts 
as the reference and a separate surface ground elec¬ 
trode is necessary. Usually only one, but sometimes 
two muscle fiber action potentials are detectable 
at any given time with this type of electrode. 
Monopolar or concentric needles, however, may 
record 10 or more muscle fibers. 

Electromyography 

EMG is a means of assessing muscle action po¬ 
tentials using a needle electrode in the extracellu¬ 
lar space. The needle examination can be broken 
down into four separate procedures, each of which 
conveys significant information regarding the in- 
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Fig. 9-17. Fibrillation potential. Elec¬ 
trical activity associated with spon¬ 
taneously contracting muscle fiber. 
The potentials usually fire at a con¬ 
stant rate. Amplitudes range from 25 
[xV to 200 [xV; durations extend from 
0.5 ms to 2.0 ms. Adapted with per¬ 
mission from Kimura J. Electrodiagno¬ 
sis in Diseases of Nerve and Muscle: 
Principles and Practice. 2nd ed. Phila¬ 
delphia, Pa: FA Davis Co; 1989: 655. 


tegrity of the motor unit: (1) insertional activity, (2) 
examination at rest, (3) examination at minimal ex¬ 
ertion, and (4) examination at maximal exertion. 

Insertional Activity 

The passage of a needle electrode through a 
muscle membrane creates a brief electrical dis¬ 
charge that is both visible and audible with appro¬ 
priate amplification. Insertional activity that is de¬ 
creased or absent indirectly indicates a decrease in 
the number of muscle fibers secondary to severe 
atrophy or fibrosis, or both, of the muscle tissue. If 
insertional activity is increased, specifically if it lasts 
longer than the cessation of needle movement in 
the muscle, this indirectly reflects muscle mem¬ 
brane instability. Increased insertional activity may 
be found in the presence of a denervation process, 
myotonic disorder, or myopathic disease. 

Examination at Rest 

A normal muscle at rest is electrically silent. If 
electrical activity occurs at rest, it is referred to as 
spontaneous activity and generally reflects a patho¬ 
logical condition. Fibrillations and positive sharp 
waves are examples of spontaneous potentials and 
reflect abnormal discharges originating from single 
muscle fibers. 

Spontaneous activity. Spontaneous activity is the 
electrical response found after needle electrode in¬ 
sertion activity and volitional muscle contraction 
has ceased. Spontaneous activity is not typically 
found in normal muscle at rest; it is also not present 
in muscles with isolated disuse atrophy; it can oc¬ 
cur in paraspinal muscles following myelography, 
lumbar puncture, surgical intervention, or local 
trauma. It also may occur in the weak limbs of pa¬ 
tients with upper motor neuron lesions. It is present 
in some myopathic disorders but most often in den- 
ervated muscle. Spontaneous activity may present 
as fibrillations, positive sharp waves, fasciculation 


potentials, myokymic discharges, or complex re¬ 
petitive discharges (Figures 9-17 through 9-21). 

Fibrillations are the result of spontaneous depo¬ 
larizing single muscle fibers. They range in ampli¬ 
tude from 25 to 200 pV and in duration from 0.5 to 
2.0 ms. They usually have a triphasic morphology 
and occur at a regular rate. 

Positive sharp waves also represent a form of spon¬ 
taneous activity. They are characterized by a wave 
with an initial positive deflection followed by more 
gradual return to baseline. They generally occur at a 
regular rate and, like fibrillations, are suggestive of 



TRAIN OF POSITIVE SHARP WAVES 
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Fig. 9-18. Positive sharp wave. The potential is biphasic 
with an initial rapid positive deflection. They fire at a 
constant rate. Amplitudes are up to 1 mv. Duration ranges 
from 10 to 1,000 ms. Positive sharp waves are not spe¬ 
cific for muscle fiber damage. Motor unit action poten¬ 
tials and myotonic discharges may have the same con¬ 
figuration. They do not however, fire at a constant rate. 
Adapted with permission from Kimura J. Electrodiagno¬ 
sis in Diseases of Nerve and Muscle: Principles and Practice. 
2nd ed. Philadelphia, Pa: FA Davis Co; 1989: 656. 
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Fig. 9-19. Fasciculation potentials. Often associated with 
visible fasciculations in the limb, fasciculations have the 
same configuration as motor unit potentials but fire spon¬ 
taneously. Adapted with permission from Kimura J. Elec¬ 
trodiagnosis in Diseases of Nerve and Muscle: Principles and 
Practice. 2nd ed. Philadelphia, Pa: FA Davis Co; 1989: 659. 


Fig. 9-20. Myokymic discharges. Commonly, discharges 
are brief, repetitive firings of single motor units for a few 
seconds at a uniform rate ranging from 2 Hz to 60 Hz. 
The sequence may be repeated for the same potential. 
Adapted with permission from Kimura J. Electrodiagno¬ 
sis in Diseases of Nerve and Muscle: Principles and Practice. 
2nd ed. Philadelphia, Pa: FA Davis Co; 1989: 660. 
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Fig. 9-21. Complex repetitive discharges. A polyphasic 
action potential that begins spontaneously or after needle 
movement. They have uniform frequency, shape, and 
amplitude with abrupt onset and cessation. Amplitudes 
range from 100 (xV to 1 mV. Discharge frequency ranges 
between 5 Hz and 100 Hz. Adapted with permission from 
Kimura J. Electrodiagnosis in Diseases of Nerve and Muscle: 
Principles and Practice. 2nd ed. Philadelphia, Pa: FA Davis 
Co; 1989: 658. 



TABLE 9-7 

QUANTIFICATION OF FIBRILLATION POTENTIALS AND POSITIVE SHARP WAVES 

Grade Definition 

1+ Transient but reproducible runs of fibrillation potentials or positive sharp waves in two different sites 

2+ Transient but reproducible runs of fibrillation potentials or positive sharp waves in more than two sites 

3+ Spontaneous activity at rest in at least two different sites 

4+ Profound spontaneous activity, which may fill the screen 

Source: Kimura J. Electrodiagnosis in Diseases of Nerve and Muscle: Principles and Practice. 2nd ed. Philadelphia, Pa: FA Davis; 1989: 219. 
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an unstable muscle membrane. These waves are 
seen in neuropathic, some myopathic, and even 
some central nervous system disease (Table 9-7). 

Spontaneous activity typically occurs within 2 to 
3 weeks after nerve insult. Muscle fiber sensifivify 
fo acefylcholine increases a hundred-fold affer den- 
ervafion and is known as denervafion hypersensi- 
fivify,^^®'^^® which possibly confribufes fo fhe gen- 
erafion of sponfaneous acfivify, buf is nof fell fo be 
fhe sole or even fhe primary facfor. 

Examination at Minimal Contraction 

Mofor unifs have a disfincf appearance, indica- 
five of fhe exfracellular recording of acfion pofen- 
fials as fhey move toward and away from fhe ac¬ 
tive and reference elecfrodes. Specific affribufes 
provide imporfanf information regarding particu¬ 
lar pathologic processes. Technical factors, includ¬ 
ing the type of needle elecfrode employed, fhe 
muscle being sfudied, fhe femperafure, and age of 
fhe pafienf may all influence aspecfs of mofor unif 
morphology (Figure 9-22). 

Motor Unit Electrical Morphology 

Duration. The durafion of fhe unif acfivify is fhe 
measuremenf from fhe onsef of fhe pofenfial as if 
leaves fhe baseline fo ifs final refurn to baseline. 

It normally varies from 5 fo 15 ms when concenfric 
needle elecfrodes are used.^“ Differenf durafions 
will be recorded from fhe same mofor unif depend¬ 


ing on the type of elecfrode used. Durafion will be 
longer wifh monopolar needles. The use of a sur¬ 
face reference elecfrode decreases fhe common mode 
rejection and more low frequency acfivify is included. 
A rafio of monopolar fo concenfric durafions has been 
documenfed as 1.86:1.^^® Mofor unif duration in¬ 
creases by 10% for each 1°C decrease in fempera¬ 
fure befween 37°C and 30°C. A 30% increase occurs 
for each 1°C decrease befween 30°C and 20°C.^^^ 

Phases. The shape of fhe normal unif recording 
oufside fhe endplafe region has a friphasic appear¬ 
ance. There is an initial posifive deflection followed 
by a negative spike and fhen anofher positive de¬ 
flection before refurning fo baseline. The secfion of 
fhe mofor unif recording befween fwo baseline 
crossings is fermed a phase. Adding one fo fhe num¬ 
ber of baseline crossings is one mefhod of calculaf- 
ing the number of phases comprising a mofor unif 
pofenfial. 

Polyphasic mofor unifs have more than four 
phases and reflecf a relative asynchrony of muscle 
fiber firing wifhin fhe mofor unif. According to 
Kimura,^“ 5% to 15% of mofor unifs may be poly¬ 
phasic in normal muscles. The accepfable percent¬ 
age of polyphasic unifs varies befween muscles and 
wifh fhe age of fhe pafienf. An exfensive compila- 
fion has been tabulated and can be found in 
Chu-Andrews and Johnson's fexf.^“ A drop in fem¬ 
perafure to 25°C will increase the percentage of 
polyphasic pofenfials by 10%.^®^ 

Long durafion polyphasic motor unit potentials 
suggest a significant loss of synchrony and can be 
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Fig. 9-22. Synopsis of electromyographic findings, including insertional activity, spontaneous activity, motor unit 
potential morphology, and interference pattern observed normally as well as with neurogenic and myogenic pathol¬ 
ogy. Adapted with permission from Kimura J. Electrodiagnosis in Diseases of Nerve and Muscle: Principles and Practice. 
2nd ed. Philadelphia, Pa: FA Davis Co; 1989: 252. 
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seen during lower motor neuron degeneration and 
regeneration. Short duration polyphasic potentials 
are indicative of muscle fiber loss and are classi¬ 
cally seen in myopafhic processes or during early 
reinnervafion following axonal loss. 

Amplitude. The amplifude of fhe mofor unif is 
fhe summation of muscle fiber acfivify wifhin a 1- mm 
radius from fhe elecfrode. Thus, fhe disfance of fhe 
tip of fhe elecfrode from a group of muscle fibers 
drastically changes fhe amplifude of fhe mofor unif 
pofenfial. To prevenf fallacious measuremenf of po- 
fenfials foo disfanf fo fhe elecfrode, mofor unifs 
pofenfials suifable for assessmenf should have a rise 
time of less fhan 500 ps and preferably 100 fo 200 
ps.^“ The rise fime is defined as fhe fime elapsed 
befween fhe initial positive peak fo fhe nexf nega- 
five peak.^^^ During minimal confracfion, ampli- 
fudes range from several hundred microvolfs fo a 
few millivolfs. During maximal confracfion, normal 
values range from 2 mV fo 8 mV. Occasionally, 
muscles of fhe hands may generafe amplifudes as 
high as 12 mV and still be considered wifhin fhe 
normal range.Amplifudes of mofor unif pofen¬ 
fials examined wifh a monopolar needle are greafer 
fhan fhose measured by concenfric needles. Com¬ 
parisons documenfed af minimal confracfion mea¬ 
sured fhe mean rafio of amplifudes recorded from 
monopolar fo concenfric elecfrodes af 2.05:l.^®‘’Tem- 
perafure differences will also alfer mofor unif po¬ 
fenfial amplifudes. Differential slowing of conduc- 
fion along fhe fibers summafing fo generafe fhe 
pofenfial causes femporal dispersion. Mean ampli¬ 
fudes will decrease by a facfor of 2% fo 5% for ev¬ 
ery 1°C decrease in femperafure.^®^ 

Large amplifude mofor unif recordings suggesf 
prior lower mofor neuron injury. Reinnervafion and 
local sprouting concenfrafe fhe muscle fibers compris¬ 
ing fhe mofor unif wifhin a smaller region. Conse- 


quenfly, a larger number of muscle fibers are locafed 
near fhe fip of fhe elecfrode and a more significanf 
summafion is recorded. Small amplifude mofor unifs 
are observed when muscle fibers are losf (eg, myo¬ 
pafhic processes) or during very early reinnervafion 
affer a lower mofor neuron injury (Figure 9-23). 

Evaluation of mofor unif elecfrical morphology 
is an indispensable componenf of fhe elecfro- 
myographic evaluafion. In sifuafions where quan- 
fifafive analysis is necessary, sfrong consideration 
should be given fo use of concenfric needle elec¬ 
frodes. Mosf reference values, including durafion, 
amplifude, shape, and rise fime, were esfablished 
ufilizing concenfric needles. The use of a surface ref¬ 
erence elecfrode during monopolar needle sfudies 
inherenfly leads fo wide variabilify among fhe vari¬ 
ables examined. Subfle differences in surface refer¬ 
ence elecfrode placemenf may drasfically change 
fhe common mode rejection and ultimafely fhe du¬ 
rafion and amplifude of fhe mofor unif pofenfials. 

Recruitment 

The sole purpose of mofor unif recruifmenf is fo 
generafe very specific amounfs of force smoofhly 
fhrough muscle confracfion. The process follows 
Henneman's size principle.Small, low-fension 
unifs fire initially. As greafer amounfs of force are 
generafed, larger, fasfer unifs also begin fo fire. 
Force generafion is fhe producf of an increase in fhe 
firing rafe of individual mofor unifs and fhe acfi- 
vafion of addifional unifs. Normally, mofor unif fir¬ 
ing plafeaus and fhe primary mode of increasing 
force is fhe recruifmenf of more mofor unifs. 

Assessmenf of fhe recruifmenf rafe is an essen- 
fial fechnique, allowing for fhe evaluafion of mofor 
unif pafhology. Firsf recruifed mofor unifs begin 
firing when confracfion levels are barely percep- 



Fig. 9-23. Electromyographic display of a 
large amplitude polyphasic motor unit po¬ 
tential with associated satellite potential. 
The entire potential is of long duration. The 
satellite is not included in the measurement 
of duration. Photograph courtesy of MAJ 
Ronald T. Stephens, M.D., Physical Medi¬ 
cine and Rehabilitation Electrodiagnostic 
Laboratory, Walter Reed Army Medical 
Center, Washington, DC. 
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Fig 9-24. Recruitment rate of a first recruited 
motor unit firing at 16 Hz. This finding may 
be the earliest suggestion of motor unit pa¬ 
thology. It may occur with axonal loss or con¬ 
duction block. Photograph courtesy of MAJ 
Ronald T. Stephens, M.D., Physical Medicine 
and Rehabilitation Electrodiagnostic Labora¬ 
tory, Walter Reed Army Medical Center, 
Washington, DC. 


tible. The frequency at which the unit is firing, 
termed the recruitment rate, is semirhythmic but 
becomes relatively stable just before the next mo¬ 
tor unit begins to fire. Normal firing frequencies 
range from 5 to 15 Hz (Figure 9-24). On occasion, it 
is difficult for patients to contract at low enough 
levels to recruit less than three motor units. An al¬ 
ternative method of describing recruitment is the 
recruitment ratio. The rate of firing of the fastest 
unit is divided by the number of units firing. Nor¬ 
mal ratios are around 5. A ratio greater than 10 is 
abnormal. 

Recruitment abnormalities may be the earliest 
evidence of motor unit pathology observed during 
the electrodiagnostic examination. Motor neuron 
loss is exhibited as an increase in the firing fre¬ 
quency. As fewer units are available to be recruited, 
adequate force generation is achieved through 
higher rates of firing by intact units.Loss of 
muscle fibers creates a different recruitment pattern. 
Motor units are intact, yet, because a smaller num¬ 
ber of muscle fibers are available, a greater number 
of normally firing motor units are recruited earlier 
to attempt adequate force production. The term 
rapid or early recruitment is used to describe this 
situation but the term is easily misunderstood. 
Rapid recruitment conveys only that the timeframe 
in which many motor units are normally recruited is 
compressed. The recruitment frequency is normal (ie, 
recruitment of the second unit does not occur when 
the first unit is firing at less than 5 to 15 

Examination at Maximal Contraction 

Assessment of motor unit firing during maxi¬ 
mum voluntary contraction provides a gross assess¬ 
ment of motor unit integrity. 

The interference pattern is a gestalt estimate of 
the total number of motor units activated per sec¬ 


ond during maximal contraction.^®^ In a healthy in¬ 
dividual providing maximal effort, individual mo¬ 
tor unit potentials cannot be discerned because the 
multitude of units firing at upwards of 50 Hz fill 
the screen and is deemed a full interference pattern. 
When motor neurons are lost, fewer motor unit 
potentials are available to summate and the patient 
will not be able to produce numbers sufficient to 
fill the screen. The interference pattern is said to be 
reduced. Individual or discrete motor unit poten¬ 
tials may be observed when axonal injury is se¬ 
vere.^®® 

The interference pattern associated with the loss 
of muscle fibers has been described previously. Low 
amplitude motor units fill the screen during only a 
minimal voluntary contraction. 

The utility of interference pattern interpretation 
may be confounded by several variables. A normal 
patient may not produce a maximal contraction 
because of pain, poor cooperation, or poor coordi¬ 
nation. Patients with severe sensory neuropathies 
may not be able to gauge the intensity of their 
muscle contractions due to loss of proprioceptive 
feedback. Upper motor neuron abnormalities such 
as spinal cord injury or stroke will also limit the 
patient's ability to generate a maximal contraction. 
Incomplete conduction blocks may produce discrete 
interference patterns and be misinterpreted as se¬ 
vere axon loss if not interpreted in conjuction with 
the rest of the electrodiagnostic examination. 

Nerve Conduction Studies 

Conduction velocity may be determined in either 
motor or sensory nerves. Although some nerves are 
not readily accessible to study, a large number, in¬ 
cluding cranial nerves and upper and lower extrem¬ 
ity nerves, are available for testing. Electrical stimu¬ 
lation of a sensory or motor nerve results in a re- 
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cordable action potential. The potential is a summated 
response of the nerve fibers sfimulafed. In fhe case of 
mofor NCSs, mofor nerve fibers of a selecfed nerve 
are sfimulafed and fhe summafed elecfrical response 
(CMAP) is picked up over a muscle irmervafed by fhaf 
nerve. In sensory NCSs, sensory fibers of a selecfed 
nerve are sfimulafed af a poinf along fhe lengfh of 
fhe nerve. An acfion pofenfial, which represenfs fhe 
sum of fhe acfion pofenfials generafed by fhese sen¬ 
sory fibers, is obfained wifh elecfrode pickup af 
anofher sife along fhe course of fhe nerve. 


Latency 

Lafency is fhe fime in milliseconds befween ap- 
plicafion of fhe nerve sfimulus and fhe onsef of fhe 
recorded evoked compound acfion pofenfial. Thus, 
lafency recordings reflecf fhe speed of fhe fasfesf 
conducfing fibers wifhin a nerve. A lafency is usu¬ 
ally obfained wifh fhe mosf disfal sfimulafion along 
a nerve. Lafencies obfained from more proximal 
porfions of fhe nerve may be erroneous due fo 
changes in fhe fascicular composifion of fhe nerve. 

Conduction Velocity 


Conducfion velocify is defermined by obfaining 
lafencies from a disfal and a proximal sfimulafion 
sife. If is specifically calculafed by dividing fhe dis- 
fance befween fhe fwo sifes by fhe lafency differ¬ 
ence befween fhe proximal and disfal sifes: 


Distance 

Time 


PD DD (mm) ^ Conduction Velocity(m/s) 
PL - DL (ms) 


where PL is proximal latency, DL is distal latency, 
PD is distance from sife of proximal sfimulafion fo 
recording elecfrode, and DD is disfance from sife 
of disfal sfimulafion to the recording electrode. 


Amplitude 


Amplitude of a CMAP is primarily dependent 
on the number and density of innervafed muscle 
fibers and fheir synchrony of firing. The infegrify 
of fhe neuromuscular juncfion also affecfs fhe am- 
plifude of fhe mofor acfion pofenfial. The SNAP 
amplifude is primarily dependenf on fhe number 
of funcfioning large myelinafed axons presenf.^®^ 
The amplifude of fhe CMAP and SNAP are also 
dependenf on fhe disfance befween the site of 
sfimulafion and fhe acfual position of fhe nerve, as 
well as on fhe infensify of sfimulafion. The greater 
the soft tissue thickness, the greater the distance 


between stimulation site and nerve, which fre¬ 
quently results in attenuation of fhe acfion pofen¬ 
fial amplifude due fo incomplefe nerve sfimulafion. 
If fhe recording elecfrode is nof close fo fhe nerve 
or muscle due fo faf or ofher fissue, fhe signal will 
also be affenuafed. 

Duration 

Durafion of an acfion pofenfial reflecfs fhe de¬ 
gree of variafion of lafencies befween fhe fasfesf and 
slowesf conducfing fibers. Abnormal femporal dis¬ 
persion, a reflecfion of dyssynchrony of conducfion, 
occurs when fhere is an excessive difference be¬ 
fween fhe fasfesf and slowesf fibers. This finding is 
fypically accompanied by a concomifanf reducfion 
in amplifude. If some of fhe nerve fibers are acfu- 
ally blocked rafher fhan merely slowed by a dis¬ 
ease process or by focal injury, fhe area of fhe ac¬ 
fion pofenfial will also be reduced. 

Utility of Electrodiagnostic Studies 

The potential use of elecfrodiagnosfic fechniques 
fo defermine fhe locafion and severify of nerve in¬ 
juries has been posfulafed as far back as World War 
1.'* It has only been since the 1970s, however, that the 
equipment and general expertise in the field have im¬ 
proved fo levels af which sensifive informafion mighf 
be provided consisfently and reliably. Currenfly, elec¬ 
frodiagnosfic techniques are the most objective and 
quantitative means of assessing nerve injuries.^®'* The 
complex nafure of nerve injuries and fhe subtlefies of 
inferprefing informafion derived from elecfrodiagnos¬ 
fic sfudies require fhaf a physician wifh special frain- 
ing in fhe diagnosis and freafmenf of neuromuscular 
disorders plan, adminisfer, and inferpref such sfud¬ 
ies. Exfensive fraining in neurophysiology and 
elecfrophysiologic techniques is essential to ensure 
that correct and appropriate diagnoses are obtained 
by the electrodiagnostic medical consultant. 


Determination of Severity 

The primary determinant of recovery following 
nerve injury is fhe severify of fhe injury. The pre¬ 
dominant electrodiagnostic features observed dur¬ 
ing Wallerian degeneration are the progressive re¬ 
duction in the amplitude of evoked pofenfials along 
fhe enfire lengfh of fhe nerve and fhe appearance 
of denervation potentials in affected muscles.^® The 
electrodiagnostic findings observed following nerve 
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injury are dependent on three main variables: (1) 
the time elapsed from the injury, (2) the type of 
nerve injured, and (3) fhe lengfh of fhe injured nerve 
disfal fo fhe focus of injury. 

Following fransecfion of a nerve, CMAPs and 
SNAPs cannof be elicifed by sfimulafion of fhe 
nerve proximal fo fhe focus of injury. Sfimulafion 
disfal fo fhe injury, however, will resulf in an ac- 
fion pofenfial during a shorf period unfil axonal 
degenerafion occurs. In humans, fhe abilify fo evoke 
a disfal CMAP begins fo wane 3 fo 6 days follow¬ 
ing injury. In a recenf sfudy by Chaudhry ef an 
ulnar nerve injury af fhe elbow showed an ampli- 
fude drop of 10% af day 3 posfinjury, a 90% drop 
by day 6, and loss of fhe abilify fo evoke an acfion 
pofenfial af day 9. Diminufion of SNAP amplifudes 
following axonal injury lag behind fhe loss of CMAP 
amplifudes by 2 fo 3 days. On average, fhe abilify 
fo evoke a SNAP is losf befween 9 and 11 days fol¬ 
lowing injury. Following fransecfion of fhe sural 
nerve af fhe calf, a SNAP amplifude drop of 20% 
was firsf nofed af posfinjury day 5, a 60% drop by 
day 9, and loss of fhe abilify fo evoke a SNAP af 
day 11.^® The early failure of mofor neurons fo 
propagafe an evoked pofenfial disfal fo fhe sife of 
injury is fhe elecfrophysiologic correlafe of neuro¬ 
muscular juncfion failure. The neuromuscular junc- 
fion fails prior fo axonal degenerafion.^^ 

The lengfh of fhe disfal slump also has a pro¬ 
found effecf on fhe liming of fhe loss of abilify fo 
evoke an acfion pofenfial. While fhe exacf mecha¬ 
nism remains unclear, frophic supporf for fhe por- 
fion of fhe nerve disfal fo fhe focus of injury remains 
infacf for a period of lime following injury and is 
direcfly proporfional fo fhe lengfh of fhe nerve dis¬ 
fal fo fhe focus of injury. Thus, fhe abilify fo gener- 
afe an acfion pofenfial disfal fo fhe sife of injury 
will lasf for a longer period of lime when fhe disfal 
porfion of fhe nerve is longer. For example, an in¬ 
jury fo fhe ulnar nerve af fhe elbow wifh a lengfh 
disfal fo fhe injury of 25 cm revealed a CMAP am¬ 
plifude drop of 80% by day 6. An injury fo fhe fa¬ 
cial nerve, wifh a lengfh disfal fo fhe sife of injury 
of only 12 cm showed an 80% CMAP amplifude 
drop by day 3.^®® Injuries af more proximal regions 
along similar nerves will also show fhe same fime 
differences. An ulnar nerve injury in fhe arm wifh 
a lengfh of 45 cm disfal fo fhe focus of fhe injury 
may reveal a CMAP amplifude drop of only 30% 
by day 6 and nof be losf unfil fhe llfh or 12fh day. 
Elecfromyographic abnormalifies suggesfive of 
axonal injury also lag behind fhe onsef of injury 
and are relafed fo fhe lengfh of fhe nerve disfal 
fo fhe sife of injury. The onsef of sponfaneous ac- 


fivify closely parallels fhe loss of abilify fo evoke 
a SNAP.^“ For example, sponfaneous acfivify may 
be seen as early as 7 days in facial muscles follow¬ 
ing axonal injury fo fhe facial nerve. On fhe ofher 
hand, a very proximal injury af fhe roof or plexus 
level may nof manifesf evidence of denervafion by 
elecfromyographic evaluafion for upwards of 21 
days. 

The fiming of elecfrodiagnosfic evaluafions fol¬ 
lowing nerve injuries may have a profound impacf 
on fhe inferprefafion of fhe sfudy. If NCSs are per¬ 
formed foo soon, fhe abilify fo elicif a disfal acfion 
pofenfial may be misinferprefed as a less severe 
injury such as conducfion block (see below) rafher 
fhan an axonal injury. Inaccurafe localizafion may 
also occur. If sfudies are performed during fhe win¬ 
dow when fhe CMAP is losf buf fhe SNAP is sfill 
obfainable, fhe findings may be inferprefed fo sug- 
gesf fhaf a lesion proximal fo fhe dorsal roof gan¬ 
glion is presenf. A sfudy performed lafer may 
reveal fhaf fhe abilify fo evoke a SNAP has also been 
losf, supporfing fhaf fhe locafion of fhe injury is 
disfal fo fhe dorsal roof ganglion, which is prog- 
nosfically beffer fhan fhe more proximal lesion and 
may be amenable fo surgical infervenfion. 

One of fhe major applicafions of elecfrodiagnos¬ 
fic medicine is fhe quanfificafion of each physiologic 
process fhaf underlies fhe clinical manifesfafion of 
nerve injury. During early evaluafions, physical ex- 
aminafion fends fo overcall fhe severify of an in¬ 
jury. Lafe in fhe course of reinnervafion, frick move- 
menfs may be learned by fhe pafienf as compensa¬ 
tory mefhods of overcoming persisfenf weakness. 
In fhis sifuafion, findings on fhe physical examina- 
fion can be misconsfrued as greafer refurn of neu¬ 
rologic funcfion fhan is fruly presenf. 

As previously nofed by Seddon,^' if is exfremely 
common fo have fhe coexisfence of axonal degen¬ 
erafion, conducfion block, and conducfion slowing 
wifh femporal dispersion following acquired nerve 
injuries. Analysis of nerve conducfion paramefers 
in conjuncfion wifh elecfromyographic findings al¬ 
lows fhe characfer of fhe injury fo be defermined. 
Following fhe inifial delay, axonal injury leads fo a 
drop in fhe amplifude of fhe evoked acfion pofen¬ 
fial along fhe enfire lengfh of fhe nerve (ie, during 
sfimulafion bofh proximal and disfal fo fhe focus 
of injury). The durafion of fhe pofenfial changes 
little. The area under fhe curve is also reduced, re- 
flecfing fhe loss of fibers adding fo fhe summafed 
acfion pofenfial. 

Conducfion block is evidenced by a drop in fhe 
amplifude of fhe acfion pofenfial during sfimula¬ 
fion proximal fo fhe sife of injury when compared 
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Fig 9-25. Nerve conduction study of the ulnar nerve revealing conduction block at the elbow. Note that both the 
amplitude and area are markedly decreased with little evidence of temporal dispersion or change in duration, com¬ 
pared to more distally evoked compound motor unit action potentials. Photograph courtesy of MAJ Ronald T. Stephens, 
M.D., Physical Medicine and Rehabilitation Electrodiagnostic Laboratory, Walter Reed Army Medical Center, Wash¬ 
ington, DC. 


to stimulation distal to the focus. A comparison of 
disfal CMAP amplifude fo proximal CMAP ampli- 
fude revealing an amplifude drop of greafer fhan 
20% has been suggesfed fo be significanf^“ (Figure 
9-25). In pure conducfion block, fhe durafion of fhe 
pofenfial does nof change appreciably. Thus, a re- 
ducfion in amplifude and area are observed. 

Conducfion slowing wifh femporal dispersion is 
fhe fhird fype of injury fhaf can be discerned. Con¬ 
ducfion slowing wifh femporal dispersion suggesfs 
fhaf nof only fhe fasfesf fibers have been injured 
buf all fypes of fibers. Differences in fhe speed of 
conducfion increases fhe durafion of fhe acfion po¬ 
fenfial. The decreased synchrony of firing, mani- 
fesfed by spreading of nerve fiber pofenfials over a 
greafer fimeframe, is reflecfed in a decrease in fhe 
amplifude of fhe pofenfial as fhe pofenfials do nof 
summafe. The area under fhe curve, however, is nof 
decreased because fhe number of fibers acfivafed is 
relafively normal (Figure 9-26). Conducfion slowing 
wifh femporal dispersion may be commonly seen 
during more insidious, cumulafive fypes of frauma. 
If may also be seen during reinnervafion, whefher 
sponfaneous or following surgical nerve repair. 

Conducfion block and conducfion slowing wifh 
femporal dispersion are manifesfafions of demyeli- 


nafing, neuropraxic injuries. Thus, elecfromyo- 
graphic evaluafions should nof reveal sponfaneous 
acfivify (Table 9-8). The reader is referred fo fhe dis¬ 
cussion on peroneal neuropafhies for a clinical ex¬ 
ample of fhe elecfrodiagnosfic deferminafion of 
nerve injury severify. 

Localization 

The abilify fo localize nerve injuries requires an 
in-depfh knowledge of neuroanafomy. Comprehen¬ 
sive undersfanding of dermafomal and myofomal 
disfribufions, anomalous innervafions, innervafions 
of specific muscles including nerve branch, nerve 
frunk, course fhrough fhe plexus of origin, and 
nerve roofs is essenfial for accurafe localizafion. 
Elecfrodiagnosfic localizafion may be especially 
helpful in combaf-relafed injuries where injuries 
may occur pracfically anywhere along fhe lengfh 
of fhe nerve and af mulfiple sifes. Accurafe local¬ 
izafion also conveys fhe exfenf of injury, which may 
reflecf funcfional recovery and prognosis. Among 
fhe facfors fhaf affecf fhe resulfs of bofh nafural and 
surgical recovery is fhe locafion of fhe injury. More 
disfal lesions are more likely fo recover in compari¬ 
son fo more proximal injuries. Differenf nerves also 
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Fig 9-26. Nerve conduction study of the ulnar nerve revealing conduction slowing and temporal dispersion at the 
elbow. Note that while the amplitude is decreased compared to distally evoked compound motor unit action poten¬ 
tials (CMUAPs), the duration is increased and the area has remained essentially stable. Photograph courtesy of MAJ 
Ronald T. Stephens, M.D., Physical Medicine and Rehabilitation Electrodiagnostic Laboratory, Walter Reed Army 
Medical Center, Washington, DC. 


TABLE 9-8 

ELECTRODIAGNOSTIC PARAMETERS 
SUGGESTING SEVERITY OE NERVE INJURY 

Axon Loss Temporal Conduction 
Dispersion Block 


Nerve Condution Study Parameters 


Duration 

No change 

Increased 

No change 

Amplitude 

Decreased 

Decreased 

Decreased 

Area 

Decreased 

No change 

Decreased 

Electromyographic Study Parameters 


Spontaneous 

activity 

Present 

Absent 

Absent 

Reduced 

Present 

Possible 

Present 


recruitment 


Comparison of proximal to distal compound motor action po¬ 
tentials (CMAPs). An increase in duration of greater than 15% 
and a reduction in amplitude of greater than 20% are consid¬ 
ered abnormal when comparing proximal to distal CMAPs. 


respond and repair differently when subjected to 
similar injuries. Radial nerves are reputed^®^ to have 
the best recovery, followed by median and ulnar, 
and all usually fare better than injuries to nerves in 
the lower extremities. Lastly, recovery from injury to 
pure motor or sensory nerves is commonly better than 
from injuries to mixed nerves. The principles of lo¬ 
calization, presented later in this chapter, dealing 
with more common areas of entrapment injuries can 
be readily applied to combat-related injuries. 

Nerve conduction studies can be employed to 
differentiate nerve root lesions from more distal 
injuries. A detailed discussion can be found in the 
section concerning brachial plexus injuries. Conduc¬ 
tion studies are also helpful to localize focal areas 
of conduction block or conduction delay. The sec¬ 
tion on ulnar nerve injuries provides a paradigm, 
including short segment incremental studies and 
the use of conductions along several different 
branches, that can be applied in the unique situa¬ 
tions encountered with traumatic injuries. Involve¬ 
ment of multiple nerves, even those not clinically 
suspected by physical examination, can be eluci¬ 
dated by NCSs. 
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Fig 9-27. Electromyographic display of a 
low amplitude, long duration polyphasic 
motor unit potential. The presence of such 
a motor unit potential may suggest early 
reinnervation following peripheral nerve 
injury. Photograph courtesy of MAJ 
Ronald T. Stephens, M.D., Physical Medi¬ 
cine and Rehabilitation Electrodiagnostic 
Laboratory, Walter Reed Army Medical 
Center, Washington, DC. 


Electromyographic techniques are especially 
helpful when the injury primarily involves the loss 
of axons. Evidence of denervafion observed in 
muscles distal to the lesion with sparing of muscles 
innervafed by fhe same nerve buf proximal to the 
lesion help to strategically place the lesion. Ex¬ 
amples of fhis can be found in secfions discussing 
fhe differentiation of radial nerve from posferior 
inferosseus nerve injuries and median nerve from 
anterior interosseus nerve injuries. 

Monitoring Recovery 

Electrodiagnostic studies can be used to follow 
bofh nafural and posfsurgical reinnervafion. While 
reinnervafion occurs fhrough bofh collateral sprout¬ 
ing and regeneration, it has been suggested by 
Buchthal and Kuhl^®® that, in humans, the former is 
more imporfanf. Early evidence of reinnervafion 
can be seen on EMG. Volunfary mofor unit activity 
was observed^*® following end-fo-end anasfomoses 
4 to 7 months after suture. Electromyographic ac¬ 
tivity was detected after 12 months when grafting 
was warranted.^®® When a partial injury has been 
sustained, voluntary motor unit potentials may be 
evident within several weeks after injury. Low am¬ 
plitude, polyphasic, long duration motor unit po¬ 
tentials are seen initially and may predate the loss 
of denervafion pofentials (Figure 9-27). Single fiber 
EMG analysis provides a useful fechnique fo ex¬ 
plore fhe earliesf signs of reinnervation. Locking 
one single fiber pofenfial in time (triggering) allows 
for fhe assessment of fhe lafency difference befween 
fhe triggered single fiber acfion pofenfial and fhe 
ofher single fiber action potential in the motor unit. 
This latency difference is fermed fhe infer-pofen- 
fial interval (IPI). The tenuous nature of the neuro¬ 
muscular connection in an immature motor unit is 
suggested by two findings. Blocking occurs when 
neuromuscular fransmission fails infermiffenfly 


and fhe acfion pofenfial of the single motor fiber is 
not generated. Jitter is the variation of fhe IPIs. A 
small amounf of jitfer is seen in normal motor units. 
Jitter is increased in immature motor units due to 
fluctuations in the time needed for summafion of 
endplate pofenfial fo evoke an acfion potential at 
the neuromuscular junction. As the new connections 
mature, conduction along the sprouted fibers will in¬ 
crease and fhe potential will become incorporated in 
the parent motor unit potential (Figure 9-28). Early 
on, the duration of the motor unit potential will be 
increased, but as reinnervation proceeds the dura¬ 
tion will approach normal and the polyphasic na¬ 
ture of fhe unit will decrease. Summation will improve 
as the fibers fire more synchronously. As more fibers 
are now incorporafed in fhe motor unit, the ampli¬ 
tude may become exceptionally large (Figure 9-29). 

Nerve conduction studies may also be used to 
chart the course of recovery. Very low amplifude, 
femporally dispersed acfion pofenfials may be seen 
during fhe inifial stages of reinnervation. Conduc¬ 
tion velocity across the affected area may be exceed¬ 
ingly slow, in some cases less than 10 m/s. It has 
been estimated by Buchthal and Kuhi^*® that the 
action potentials of at least 40 fibers of greafer fhan 
7 pm in diamefer need fo summafe before a com¬ 
pound pofenfial of 0.02 pV with a conduction ve¬ 
locity of 10 m/s can be generated. This is felt to be 
the minimum parameters required to distinguish 
the potential electrodiagnostically from background 
noise. While conduction velocity increases and the 
amplitudes of evoked sensory and motor potentials 
improve, they commonly do not return to baseline 
values. Hodes et ai^®” observed that even as far out 
as 12 to 42 months following parfial fransection, 
conducfion velocifies confinued to range between 
40% to 60% of normal. Similar findings were ob¬ 
served by Gragg and Thomas.Conducfion veloci¬ 
fies plafeaued af 75% of normal af 12 monfhs fol¬ 
lowing injury. Buchfhal and Kuhi^®* and Donoso et 
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Fig 9-28. Electromyographic display of a 
normal amplitude, long duration polyphas- 
ic motor unit potential commonly observed 
as reinnervation becomes more stable and 
synchronization of muscle fiber firing im¬ 
proves. Photograph courtesy of MAJ Ronald 
T. Stephens, M.D., Physical Medicine and 
Rehabilitation Electrodiagnostic Laboratory, 
Walter Reed Army Medical Center, Wash¬ 
ington, DC. 


both observed the return of CMAPs 4 to 7 
months following nerve sufuring. Disfal mofor la- 
fencies improved over fime buf rarely refurned fo 
normal range. SNAPs were firsf obfainable in 
Buchfhal and Kuhl's^®* sfudy 4 monfhs posfsufuring 
and 7 monfhs following nerve graffing. Only 54% 
of fhe Donoso ef aP^® groups had defecfable SNAPs 
as far ouf as 20 monfhs. In bofh sfudies, even when 
SNAPs could be evoked, amplifudes rarely im¬ 
proved fo beffer fhan 10% of normal. 

While fhese dafa are infriguing, fhey become 
more imporfanf when relafed fo fhe refurn of sen¬ 
sory and mofor funcfion. Refurn of sensory func- 
fion does nof correlafe well wifh SNAP amplifude 
changes. According fo Buchfhal and Kuhl,^*® fhe 
abilify fo perceive facfile sfimulafion refurns when 
approximafely 1% of myelinafed sensory fibers 
reinnervafe. This correlafed fo 5 fo 7 monfhs affer 
sufuring when if did occur. Affer 28 monfhs, facfile 
percepfion had improved; lighf fouch could be dis- 
criminafed from pinprick, buf fhe sife of sfimula¬ 
fion could nof be discerned. Three years following 
sufuring, fhe pafienf began fo localize sfimuli. The 
lack of correlafion befween SNAP amplifude and 
refurn of sensibilify can be explained by fhe fem- 
poral dispersion fhaf persisfs affer sensory nerve 


injury. Also, sensory pofenfials measure only fhe 
fasfesf and largesf myelinafed fibers. Thus, sensi¬ 
bilify conveyed along small and unmyelinafed fi¬ 
bers will nof be included in fhe SNAP. As fechniques 
become more refined in fhe fufure, if may be pos¬ 
sible fo monifor fhe area of fhe SNAP, which may 
beffer correlafe wifh fhe refurn of sensory funcfion. 

In confrasf fo sensory funcfion, a sfrong correla¬ 
fion befween mofor funcfion and fhe amplifude of 
fhe CMAP has been defermined. Donoso ef aP*® ob¬ 
served fhaf a refurn of CMAP amplifude fo over 
40% of normal correlafed wifh a refurn of mofor 
power in fhe affecfed muscles fo good (4/5) or nor¬ 
mal (5/5) sfrengfh. The abilify of fhe reinnervafed 
muscle fo generafe near normal power when fewer 
fhan normal CMAPs are obfained and discrefe re- 
cruifmenf pafferns are observed on EMC, reflecfs 
fhe remarkable resilience of fhe mofor unif. So long 
as 50% fo 75% of mofor neurons remain infacf, func- 
fional recovery may be achievable fhrough collaf- 
eral sproufing and regenerafion.^^ 

Limitations of Electrodiagnostic Studies 

Nerve conducfion sfudies and EMC convey 
elecfrophysiologic abnormalifies reflecfing periph- 



Fig 9-29. Electromyographic display of a 
normal amplitude, normal duration poly- 
phasic motor unit potential. This type 
of unit potential may suggest old stable re¬ 
innervation. Commonly, as summation 
improves, these potentials may be of large 
amplitude. Photograph courtesy of MAJ 
Ronald T. Stephens, M.D., Physical Medi¬ 
cine and Rehabilitation Electrodiagnostic 
Laboratory, Walter Reed Army Medical Cen¬ 
ter, Washington, DC. 
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eral nerve pathology. It should be understood, how¬ 
ever, that these studies cannot be used to infer 
precise pathological changes (eg, findings may sug- 
gesf axonal injury buf ischemic axonal injury can- 
nof be differenfiafed from sfrefch-relafed axonal 
injury). 

Subfle differences in severify or improvemenf 
cannof fruly be differenfiafed by elecfrodiagnosfic 
sfudies. Findings suggesfive of demyelinafion can 
be discerned from fhose consisfenf wifh axonal in¬ 
jury, and fo some exfenf fhe relafive roles of fhese 
processes can be inferred. Yef, fhe hierarchical lev- 

REHABILITATIVE MANAGEMENT 
General Principles 

Rehabilifafion of peripheral nerve injuries is 
absolufely essenfial fo ensure opfimal funcfional re¬ 
covery. If has been observed fhaf parfially fransecfed 
nerves offen recover fasfer and more complefely 
fhan fhose requiring surgical repair.^®* As fhe vasf 
majorify of nerve injuries are in confinuify or par- 
fial fransecfions, surgical decisions are usually posf- 
poned for 8 fo 12 weeks.Such a hiafus allows 
for more definifive assessmenf of severify, resolu- 
fion of neuropraxia, and pofenfially, fhe mafurafion 
of fhe disfal nerve sfump.^Posfponemenf of conser- 
vafive fherapy during fhis period, however, may 
lead fo secondary injury, which will hamper subse- 
quenf funcfional refurn. Sharp lacerafions are com¬ 
monly explored wifhin 72 hours as early repair in 
fhose sifuafions leads fo relafively good ouf- 
comes.”^Yef, even when sharp lacerafion is fhe 
known causafive agenf, only 15% fo 20% are ob¬ 
served fo be complefe af explorafion.^^^Thus, in fhe 
vasf majorify of cases, conservafive fherapy is fhe 
firsf line of freafmenf and fhe cornersfone for any 
furfher infervenfion. 

The exfenf of funcfional recovery hinges on fhe 
exfenf of injury. Surprisingly, a small number of re¬ 
sidual motor unifs can lead fo near normal motor 
funcfion. Edds' sfudy^^of reinnervafion in parfially 
denervafed muscles suggested fhaf reinnervafion 
and axonal sproufing could lead fo useful funcfion 
when 50% fo 75% of axons were losf. No funcfional 
recovery occurred when greater fhan 80% of motor 
unifs were losf.^ This finding is consisfenf wifh fhe 
poor prognosis seen in pafienfs wifh acufe inflam¬ 
matory demyelinafing polyneuropafhy, whose elec¬ 
frodiagnosfic evaluafions reveal CMAP amplifudes 
less fhan 20% of fhe lower limif of normal. 

Rehabilifafive measures do nof improve fhe rate 
of reinnervafion or reverse fhe end organ changes 


els of axonal pafhology as ouflined by Sunderland 
(second fo fiffh degrees) cannof be fruly appreci- 
afed elecfrodiagnosfically. The abilify fo evoke an 
acfion pofenfial during sfimulafion proximal fo an 
injury does convey fhe infegrify of fhe nerve. Affer 
an appropriafe fime delay, acfion pofenfials evoked 
disfal fo fhe lesion also reflecf confinuify. The in- 
abilify fo obfain acfion pofenfials does nof confer 
fhe loss of anafomic confinuify. Thus, while elec¬ 
frodiagnosfic findings may suggesf a very severe 
axonal injury, fhey cannof be used fo conclude or 
confirm complefe disrupfion of fhe nerve. 

OE PERIPHERAL NERVE INJURIES 

occurring specifically from denervafion. They are 
indispensable, however, in fhe profecfion of fhe af- 
fecfed limb from secondary injuries derived from 
confracfures, disuse weakness, edema, pain, and 
poor posifioning. Regardless of whefher surgical in¬ 
fervenfion is warranted early, affer a delay, or nof 
af all, fhese same principles are also employed fo 
facilifafe fhe affainmenf of maximal funcfional ca- 
pacify in fhe face of residual sensory or motor im- 
pairmenf. 

Maintenance of Range-of-Motion 
Physiology 

The upregulafion of collagen synfhesis follow¬ 
ing denervafion porfends fhe ominous developmenf 
of myogenic confracfures. Sunderland nofed fhaf 
fhe developmenf of fibrosis and confracfures is so 
prejudicial fo resforafion of funcfion if and when 
reinnervafion fakes place, fhaf if should be kepf fo 
a minimum by appropriafe fherapy.® 

Increased flexibilify resulfs primarily from 
sfrefching fhe connecfive fissues wifhin and around 
fhe muscle and tendon rafher fhan fhe confracfile 
elemenfs of muscle. Connecfive fissues will progres¬ 
sively shorfen when nof opposed by a sfrefching 
force and will elongafe when challenged wifh a con- 
sfanf sfress.^®® Sfrefching, elasfic or plasfic, occurs 
when fhere is linear deformafion of fhe fibers fhaf 
leads fo an increase in lengfh. Elasfic sfrefch occurs 
when elongafion is produced wifh loading, fol¬ 
lowed by a recovery fo resfing lengfh when fhe load 
is removed. Plasfic sfrefch occurs when fhe elonga¬ 
fion is mainfained affer removing fhe load.Plas¬ 
fic elongafion is fhe fype necessary fo improve flex¬ 
ibilify of connecfive fissue shorfened by edema, in¬ 
jury, or unopposed or imbalanced muscle fension. 
Four facfors influence plasfic deformafion: (1) 
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amount of force, (2) fype of force, (3) durafion of 
force, and (4) fissue femperafure. 

Lehmann ef aL®^ documenfed fhaf prolonged 
loading of a fendon leads fo significanfly greafer 
increases in lengfh fhan shorf ferm loading. This 
confirmed a more clinically based sfudy by Koffke 
ef al^^^who reporfed fhaf shorf durafion, high force 
sfrefching leads fo high fensile resisfance and liffle 
change in lengfh, while prolonged, low force 
sfrefching leads fo plasfic elongafion. Temperafure 
increases fo a fherapeufic range of 40°C fo 43°C de¬ 
crease fhe viscosify properfies of fhe connecfive fis¬ 
sue and maximize fhe effecf of sfrefching.'®^ In fhe 
Lehmann ef al sfudy,sfrefching during heafing 
led fo significanfly greafer lengfh increases fhan 
sfrefching affer heafing was complefed. 

Clinical Application 

The efficacy of passive mofion fo prevenf con- 
fracfures in fhe face of peripheral nerve injury is 
well esfablished (Figure 9-30). Pollock ef al'®* 
broughf affecfed joinfs fhrough fheir full range pas¬ 
sively for one sef of 10 repefifions each day. The 
end range of each repefifion was mainfained for 
several seconds. No confracfures developed in ei- 
fher fhe freafed or confrol groups prior fo 30 days 
posfinjury. By 90 days, however, nearly 50% of fhe 
confrol group had developed confracfures averag¬ 
ing 35°. Only 15% of fhe freafed group developed 
confracfures. The average severify of confracfures 
in fhis subgroup was 20°. Insfifufion of passive 


range-of-mofion refarded fhe developmenf of con¬ 
fracfures, diminished fheir severify, and facilifafed 
fheir resolufion. Passive sfrefching has also been fhe 
principal mefhod of averfing confracfures in neu¬ 
romuscular disease. While fhe experience may nof 
be perfecfly applicable fo isolafed lower motor neu¬ 
ron injuries, fhe basic premise remains fhe same. 
Vigos'®® suggesfed fhaf passive range-of-mofion be 
inifiafed immediafely and should be underfaken af 
leasf once or fwice daily. Each session should in¬ 
clude 10 fo 15 repefifions wifh fhe end range held 
for a 10 fo 15 counf. Koffke™ sef similar paramefers 
fo be done fwice a day. As sfrengfh improves, fhe 
pafienf should be encouraged fo acfively assisf wifh 
range-of-mofion. Once sfrengfh improves fo beffer 
fhan anfigravify, acfive range-of-mofion should be 
confinued by fhe pafienf even oufside of formal 
fherapy sessions. 

The intensify of fhe sfrefch is crucial fo fhe main- 
fenance or improvemenf in range-of-mofion. In sifu- 
afions where no inflammafion is presenf and sen- 
safion is inf acf, muscles can be sfref ched vigorously. 
Sfrefching can be fo jusf pasf fhe poinf of pain buf 
fhe pain should abafe rapidly wifh disconfinuafion 
of fhe sfrefch. Traumafic nerve injuries are com¬ 
monly complicated lesions, coexisfing wifh bone, 
vascular, and muscle injuries. Range-of-mofion in 
fhese sifuafions should be done only by highly frained 
fherapisfs or physicians. Complications of oversfrefch- 
ing, including hemorrhage, myosifis ossificans, hef- 
erofopic ossification, and disruption of supporfing 
sfrucfures, need fo be obviafed af any cosf.^”' 



Fig. 9-30. Passive range of motion of the 
phalangeal joints, administered to a patient 
sustaining radial nerve injury with weak¬ 
ness of the wrist and finger extensor 
muscles. 
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When stretching to correct connective tissue con¬ 
tractures in situations void of inflammation, edema, 
or hypesthesia, the elevation of fissue temperafure 
should be accomplished fhrough healing modali- 
fies. The choice of modalify depends on fhe depfh 
of fhe tissue to be heated. Deep muscles will require 
ultrasound diathermy. More superficial fissues such 
as fhe finger flexors will be adequafely healed by 
superficial modalifies such as moisf heal. Concomi- 
fanf, genfle, prolonged sfrefching should be applied 
across fhe join! once elevafed femperafures are af- 
fained. The use of heal as an adjuncf fo sfrefching 
is relafively confraindicafed in anesfhefic regions; 
regions with impaired vascular supply; and in 
acutely injured, edematous areas. 

Strength Maintenance and Improvement 

Physiology 

Exercise therapy to preserve or enhance motor 
strength is integral to the comprehensive rehabili¬ 
tation of persons susfaining peripheral nerve inju¬ 
ries. As previously discussed, over 60% of weakness 
experienced during such injuries can be affributed fo 
disuse afrophy.^® Incomplefe reinnervafion, whefher 
from infrinsic facfors such as muscle fibrosis or ex- 
frinsic facfors including aberranf innervafion by in- 
appropriafe axons or lack of reinnervafion second¬ 
ary fo neuroma formafion, may lead to residual 
weakness. Much of fhe undersfanding of fhe effecls 
of sfrengfhening parfially denervafed and rein- 
nervafing muscles is derived from experience dur¬ 
ing fhe poliomyelifis epidemics of fhis cenfury. Re- 
lafed sfudies assessing fhe ufilify of sfrengfhening 
exercise for neuromuscular disease may also be 
applicable. Herbison and colleagues^““^“ specifi¬ 
cally fackled fhe quesfions of appropriafe infensi- 
fies, durafion, and liming of sfrengfhening exercises 
following peripheral nerve injury. 

Clarifying Overwork Injury 

The use of resisfance fraining fo improve muscle 
sfrengfh in neurologically infacf individuals is un- 
quesfioned in fhe lay and medical liferafure. Ifs use 
in fhe managemenf of peripheral nerve injury has 
nof been as resolufe. Concerns regarding provoca- 
fion of declines in sfrength caused by oversfressing 
immafure neuromuscular connecfions or by over 
faxing a sparsify of compefenf mofor unifs have 
been raised. Reporfs^°^'^°® of sfrengfh loss in indi¬ 
viduals wifh predominanfly lower mofor neuron 
injuries underfaking sfrenuous acfivify have been 


largely anecdofal. Loveff^^ surveyed vicfims of fhe 
1913 polio epidemic, commenfing on fhree persons 
who presumably losf sfrengfh following prolonged 
oversfressing of individual muscles. A highly died 
source alleging overwork weakness by Benneff and 
Knowlton^“® commenfed on four cases of anferior 
poliomyelifis and one cervical spinal cord injury. 

In confrasf, numerous sfudies have confirmed 
significanf improvemenfs in sfrengfh in fhose who 
have susfained lower motor neuron injuries. The 
results of fhe sfudy by Delorme and colleagues^”® 
clearly demonsfrafe fhat muscles weakened by po¬ 
liomyelitis and normal muscles respond similarly 
to progressive resistance exercise. Exercise protocols 
comprised 2 exercises of 3 sefs, 10 repefifions, wifh 
a 1-minufe resf befween sefs, done 4 days per week. 
Similar resulfs were obfained following a regimen 
of 20 maximum repefifions done af 1-minufe infer- 
vals, 3 fimes per week for 5 fo 10 weeks.No 
muscles showed a permanenf reducfion in power. 
Of note, it was also observed that slight increases 
in power frequently accompanied great increases 
in work capacity. 

While the exact pathophysiologic etiologies of 
posfpolio syndrome have yef fo be defermined, 
overwork weakness has been toufed as a possible 
cause. Even in this situation, many studies have 
established that monitored exercise protocols em¬ 
ploying submaximal progressive resistance exer¬ 
cises can improve strength and do not precipitate 
untoward declines in strength.^^”"^^® A study by Agre 
and Rodriguez^^'^ showed that when rest periods 
were interspersed between isometric contractions 
of 40% isomefric peak forque rafher fhan doing fhe 
same amounf of work consfanfly to fatigue, the abil¬ 
ity to recover strength after activity was improved. 

These polarized conclusions may reflect differ¬ 
ences in fhe classificafion of weakness. Overwork 
weakness is defined as a prolonged decrease in bofh 
absolufe sfrengfh and endurance of a muscle sub- 
sequenf fo a period of work. Impairmenf musf be 
longsfanding.™ Because mosf of fhe liferafure sup¬ 
porting the verity of overwork weakness are case 
reporfs and sfudies of nof significanf longifude, if 
is difficulf fo judge whefher fhey meef fhe defini- 
fional criferia. In several cases in which bofh upper 
and lower mofor neuron injury was evidenf, alfer- 
nafive causes for a loss of sfrengfh may have also 
been af play. Easily, fhese sfudies did not show his¬ 
tologic evidence of injury such as cenfral nuclei, fi¬ 
ber splitting, or fiber degenerafion. 

The fype and infensify of acfivify underfaken 
more fhan fhe acfivify ifself may also explain fhe 
disparify. In fhose cases manifesfing weakness af- 
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ter activity, individuals had engaged in prolonged, 
strenuous activities lasting hours at a time and were 
for the most part unsupervised. In the prospective 
studies, episodic bursts of high resisfance maximal 
or submaximal exercise were performed for shorf 
periods each day. Evidence supporfing fhis impres¬ 
sion can be found in a series of experimenfs by 
Herbison and colleagues.^““^“Wisfar rafs were sub- 
jecfed fo sciafic nerve crush injuries and eifher so- 
leus or planfaris fenofomies. Exercise was sfarfed 
af 2 weeks posfinjury in one group and 3 weeks 
posfinjury in fhe ofher group. The findings revealed 
increases in muscle weigh! and profein only in fhe 
group posfponed 3 weeks. A mild decremenf was 
observed in fhe group sfarfing only 2 weeks posfin¬ 
jury. Thus, fhe group parficipafing in fhe more in- 
fense exercise program developed a loss of muscle 
profein and weighf. If should be undersfood fhaf 
fhe exercise underfaken by fhese animals was pro¬ 
longed and confinuous. Also, all rafs were aufop- 
sied af 4 weeks posfinjury. If is unclear as fo whefher 
fhe changes seen were fransienf or persisfenf. If was 
concluded fhaf a crifical relafionship exisfed be- 
fween fhe number of confracfile unifs and fhe in- 
fensify of exercise. When fhe infensify becomes foo 
greaf for fhe fibers available, normal physiologic 
processes may become pafhologic.^'* 

A follow-up sfudy^“ looked af a less infense form 
of exercise, swimming. In fhis sifuafion, denervafed 
raf muscles showed progressive increases in muscle 
weighf and profein concenfrafions, direcfly propor- 
fional fo exercise fime and durafion. As wifh mosf 
fherapeufic applicafions in medicine, fhe prescrip- 
fion of sfrengfhening exercise for peripheral nerve 
injuries musf fall wifhin ifs fherapeufic range. The 
muscle musf be overloaded fo fhe exfenf warranfed 
fo overcome disuse afrophy and evenfually fo im¬ 
prove sfrengfh. The sfress musf also be below lev¬ 
els which may provoke injury. 

Clinical Application 

The deferminafion of fhe fherapeufic range for 
sfrengfhening exercise varies direcfly wifh fhe cur- 
renf sfrengfh of fhe individual and fhe mofor unifs 
involved. Commonly, elecfromyographic evidence 
of reinnervafion precludes fhe onsef of clinically 
observable muscle confracfion. In fhese sifuafions, 
surface EMG biofeedback mighf be employed fo 
provide auditory and visual cueing fo enable con- 
frolled firing of fhe mofor unifs. Paramefers based 
on fhe amplifude of fhe evoked pofenfials may be 
used fo sef goals regarding infensify and dura- 
fion.^i®-^^^ 


Pafienfs wifh incomplete injuries or fhose in fhe 
process of reinnervafion may exhibif sfrengfh af all 
ends of fhe specfrum. When weakness precludes fhe 
volunfary movemenf of fhe affecfed joinf fhrough 
fhe full range-of-mofion againsf gravify (ie, frace 
(1/5) or poor (2/5) sfrengfh), isomefric sfrengfhen¬ 
ing exercises are mosf appropriafe. An isomefric 
confracfion is a muscle confracfion wifhouf move¬ 
menf across fhe joinf. Peak isomefric sfrengfh is fhe 
force fhaf can be exerfed againsf an immovable ob- 
jecf.^^^In cases of frace and poor sfrengfh, fhe weighf 
of fhe limb in fhe face of gravify provides adequafe 
resisfance. 

White mosf of fhe liferafure regarding sfrengfh¬ 
ening focuses on fechniques fo affain maximal im- 
provemenf, Muller^^® assessed fhe basic require- 
menfs fo mainfain or modesfly improve sfrengfh in 
skelefal muscle. All fherapeufic prescripfions are 
founded on four variables fhaf can be manipulafed: 
(1) mode, (2) infensify, (3) frequency, and (4) dura¬ 
fion. Mode is fhe fype of exercise fo be underfaken. 
Infensify is fhe percenfage of fhe individual's maxi¬ 
mum capacify. Frequency refers fo fhe number of 
sessions over a period of fime, and durafion defer- 
mines fhe lengfh of each individual session. 

Strength Maintenance 

In fhe early sfages following peripheral nerve 
injury, efforfs should be made fo mainfain sfrengfh 
and overcome disuse afrophy. Commonly, fhese 
pafienfs have susfained mulfiple frauma. Surgical 
procedures may be impending or fhe pafienf may 
sfill be in fhe infensive care unif. Maintenance of 
sfrengfh even af fhis juncfure is vifally imporfanf 
as if will facilifafe fhe rehabilifafion process in fhe 
fufure. Surprisingly, very small amounfs of exercise 
are needed fo mainfain sfrengfh. Muller^^®observed 
fhaf 1 maximal isomefric confracfion, held for 1 sec¬ 
ond, performed once a week ted fo minimal buf sig- 
nificanf sfrengfh improvemenfs. Spacing isomefric 
confracfions fo 1 every 3 weeks caused moderafe 
decremenfs from baseline sfrengfh. One maximum 
isomefric confracfion of 1-second durafion done 
every ofher week generafed mild increases in 
sfrengfh, which slowly refurned fo baseline by fhe 
14fh week. 

Strength Improvement 

Af fhese modes! levels of acfivify, increases in any 
variable (ie, infensify, frequency, or durafion) will 
lead fo increased sfrengfh enhancemenf. Goals may 
be attained more rapidly by employing a more rig- 
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orous program. Modulation of the duration of con¬ 
traction has led to mixed results. Muller^^® observed 
no difference in strength outcomes when 1 isomet¬ 
ric contraction was held for 1 or 6 seconds. Another 
study showed comparable strength gains when one 
maximal isometric contraction was held for 5 or 45 
seconds. This paradox was explained by Mundale/^” 
who showed that during 1 maximal isometric con¬ 
traction, maximum tension could be sustained for 
no longer than 1 second. Yet, when variations in in¬ 
tensity and duration were assessed, differences 
in each variable affected outcomes. It was observed 
that one submaximal contraction, 65% of maximum 
of 1-second duration, performed once a day caused 
strength gains of 2.5% per week. One daily maxi¬ 
mal contraction of 1-second duration improved 
strength by 3.33% per week. One daily maximal 
contraction of 6-seconds duration increased 
strength by 4% per week. Lastly, the greatest im¬ 
provement of 5% per week was achieved by per¬ 
forming one set of 5 contractions, each 6 seconds in 
duration, spaced every 2 minutes. A total of 30 sec¬ 
onds of contractions were completed daily.^^® The 
minimal increase in strength gain observed when 
one 1-second and one 6-second maximal isometric 
contractions are compared may reflect additive 
gains during submaximal contraction. While maxi¬ 
mal intensity can only be maintained for 1 second, 
less powerful contraction during the subsequent 5 
seconds may still provide strength improvement. 

Once antigravity strength has been achieved, iso¬ 
metric exercise may no longer suffice as the sole 
method of strengthening. A major drawback of iso¬ 
metric exercise is that strength gains are limited to 
the joint angle or muscle length at which the muscle 
is exercised. There is little transference of strength 
to dynamic activities.^^%t is reasonable to progress 
to exercises that will enable the production of 
strength increases throughout the entire range-of- 
motion. Isotonic exercises involve moving a con¬ 
stant load through a full range-of-motion with or 
without a changing velocity of movement (Figure 
9-31). DeLorme and Watkins^“ are credited with 
establishing resistive exercises as rehabilitative tools 
to increase strength. 

As previously mentioned, a specific application 
of DeLorme and Watkins'^^^ method had been to im¬ 
prove strength of acute poliomyelitis victims. His 
program involved the use of progressive resistance 
exercises with increasing loads. Each individual 
determined the ten repetition maximum (TRM) for 
each muscle to be strengthened. The TRM is the 
greatest weight that can be lifted through the full 
range of motion 10 times only. Subjects would then 


perform 3 sets of 10 repetitions daily at 50%, 75%, 
and 100% of the TRM with 2 minutes of rest between 
sets. Each week a new TRM would be determined. 
The drawbacks to this exercise included difficulty 
in completing the final set of exercises due to fa¬ 
tigue and the fact that full motor unit recruitment 
was only accomplished during the last set. 

The Oxford technique^“ reversed the DeLorme 
regimen by ordering the exercise sets with 100% 
TRM first, followed by 75%, and then 50%. With this 
regimen, fatigue caused by the 100% TRM set is off¬ 
set by lower loads on the second and third sets. 

Both of these techniques were based on the premise 
that only high weight, low repetition exercises pro¬ 
duce strength gains. DeLateur and Lehmann^^® ob¬ 
served that strength gains may be obtained even at 
levels as low as 30% of maximum voluntary con¬ 
traction. While there is little evidence to substanti¬ 
ate the provocation of overwork weakness by exer¬ 
cise of intensities described, it should be understood 
that submaximal exercise levels will improve 
strength. 

Close evaluation of the patient is paramount. 
Herbison suggests monitoring strength on a daily 



Fig. 9-31. Exercising knee extensors. Isotonic strength¬ 
ening exercises utilize the movement of a constant load 
through a full range of motion. 
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basis (Gerald J. Herbison, M.D., Professor and Di¬ 
rector of Research, Department of Rehabilitation 
Medicine, Thomas Jefferson University Hospital, 
Philadelphia, Pasylvania: Telephone conversation 
March 1993). Decreases in strength on the day fol¬ 
lowing therapy or a digression in the ability to per¬ 
form activities of daily living (ADL) should be an 
admonition that an excessive amount of exercise 
was attempted. Goals should be lowered and not 
progressed until they can be achieved without pro¬ 
voking unsatisfactory effects. 

These exercise programs can also be used with 
isokinetic training. Isokinetic strengthening em¬ 
ploys equipment that provides a set rate of veloc¬ 
ity against which the person can exert maximum 
torque (Figure 9-32).^^® The velocity chosen becomes 
very important in isokinetic strengthening.“'‘Train¬ 
ing at slow velocities generates the greatest torque. 
Strength gains occur at the training velocity and can 
be seen when testing is done at even slower veloci- 



Fig. 9-32. Exercising knee extensors. Isokinetic strength¬ 
ening requires the use of a machine, which limits the ve¬ 
locity at which a person can generate maximum torque. 


ties. If strength testing is done at faster velocities 
than the training velocity, no evidence of increased 
strength is observed. 

A benefit to isokinetic training is that objective 
measures of torque production can be obtained that 
may reveal subtle persistent deficits. The biggest 
drawback is the reliance on special equipment 
which may not be readily available. There is no evi¬ 
dence that isokinetic strengthening is any more ef¬ 
fective than isotonic training. Given their simplic¬ 
ity and universal availability, isotonic exercises are 
more commonly used. 

Edema Control 

Physiology 

Efforts to ameliorate the development of edema 
must be expeditious. Traumatized limbs sustaining 
immobilizing nerve injuries are at great risk for the 
development of dense, restricting, connective tis¬ 
sue contractures. Edema facilitates the process of 
fibrosis in the affected region. Histological evidence 
of fibrosis may be seen as early as 4 days postin¬ 
jury. “'’Extravascular fluid is also a ripe medium for 
bacterial growth and infection, which may seriously 
compromise any likelihood of subsequent func¬ 
tional recovery. 

Clinical Application 

Several methods to decrease edema, including 
range-of-motion exercises, elevation, external com¬ 
pression, and massage need to be integrated into 
an effective treatment plan. 

Active range-of-motion. The maintenance of 
equilibrium between intravascular and interstitial 
fluid volumes is due in part to the contraction of 
skeletal muscle.When possible, active motion 
performed by the patient through the full range- 
of-motion should be encouraged. Functional elec¬ 
trical stimulation may be a helpful adjunct in situ¬ 
ations where strong muscle contractions cannot be 
performed because of neuropathic weakness (Fig¬ 
ure 9-33). 

Elevation. Utilization of gravity to decrease 
edema accumulation is also extremely helpful. Ide¬ 
ally, the affected limb should be kept above the level 
of the heart to ensure the best passive return of fluid 
to the central circulatory system. Great lengths 
should be taken to facilitate the most advantageous 
positioning throughout the day. When the patient 
is in bed, the limb should be supported by pillows 
or foam wedges. Distal portions of the extremities 
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Fig. 9-33. Electrical muscular stimulation, applied to elicit 
muscle contraction and decrease the pooling of edema¬ 
tous fluid. 

may warrant splinting in a functional position. At 
the wheelchair level, foam wedge laden arm 
froughs should be used fo supporf fhe upper ex- 
fremifies. Affecfed lower exfremifies should also be 
elevafed. Elevafion above fhe level of fhe heart is 
difficult. At a minimum, the distal aspect of fhe limb 
should be kept higher than the proximal end. De¬ 
pendent positioning should be avoided as much as 
possible. 

External compression. External vascular support 
from gradienf pressure elasfic sleeves or sfockings 
should be used continuously when edema is 
present. Isotonic compression gloves can also be 
used to combat swelling of fhe digifs and dorsum 
of fhe hand. 

Infermiffenf pneumafic compression may also be 
beneficial. The limb is placed in an inflafable sleeve. 
Pressure is applied infermiffenfly. Pressures around 
30 mm Hg can be applied for 5 fo 6 hours in 3-minufe 
cycles (ie, 2.5 min on, 30 s off). Alfernafively, 60 mm 
Hg of pressure can be used for 30 fo 60 minufes.^^^ 


If is recommended fhaf fhe maximum pressure ap¬ 
plied should be less fhan fhe pafienf's diasfolic 
blood pressure to prevent vascular occlusion and 
possible ischemic injury. During each session, the 
limb should be optimally elevated at a 45° angle. 
Gradient pressure garments should be applied im¬ 
mediately following freafmenf fo help mainfain 
gains made during mechanical compression. 

Cenfripefal wrapping of fhe limb is anofher 
mefhod commonly used fo decrease fhe accumula¬ 
tion of infersfifial fluid. Coban, a semiadhesive, 
elasfic fape is applied disfally, and circumferenfially 
wrapped in a proximal direcfion (Figure 9-34). The 
limb is elevafed for 5 minufes affer applicafion. 
Acfive range-of-mofion is encouraged immediafely 
following ifs removal. The freafmenf is repealed 3 
times daily. 

Massage. According to Knapp, the single best 
indication for fhe prescription of massage is reduc¬ 
tion of swelling associafed wifh trauma.Effleu- 
rage (stroking) and petrissage (compression) meth¬ 
ods are applied in a retrograde manner, mobilizing 
tissue fluids and assisfing in proximal refurn fo the 
intravascular circulation. 

Orthotic Management 

The rationale for applicafion of orfhoses to the 
nerve-injured limb are numerous. During the early 
phases of treafmenf, orfhoses are used fo limif mo¬ 
tion, allowing for healing of fhe fraumafized fissue. 
Proper posifioning helps fo prevenf fhe develop- 
menf of confracfures in unopposed muscles and 
oversfrefching of weakened muscles. Profecfion 
againsf join! and ligamentous injuries fo insensafe 



Fig. 9-34. Centripetal wrapping of the digits with Coban 
to decrease the accumulation of edema. 


471 






Rehabilitation of the Injured Combatant. Volume 2 


and weak limbs can be achieved through orthotic 
application. In the later phases, static and dynamic 
orthoses can be fabricated to enhance or substitute 
for losf funcfion. The principles of orfhofic manage- 
menf for musculoskelefal as well as nerve injuries 
are explored exfensively in Chapfer 11, Orfhofics 
for fhe Injured Soldier, which is dedicafed solely fo 
fhe fopic. 

Hyperesthetic Desensitization 

Hyperesthesia is a typical consequence of nerve 
injury. The insfincfive percepfion of fhis abnormal 
sensory experience as injurious compels many pa- 
fienfs fo profecf and nof use fhe affecfed limb. The 
ominous consequences of disuse and immobilify 
will furfher compound fhe loss of funcfion and 
mounfing anxiefy if leff unfreafed. 

In 1976, a formal desensifizafion freafmenf pro¬ 
gram was developed af fhe Downey Hand Cenfer.^^® 
Infegrafion of psychological and physical principles 
provided an imporfanf foundafion. The cognifive- 
behavioral psychological fechnique of sysfemic de¬ 
sensifizafion has been used in fhe freafmenf of emo- 
fional and anxiefy disorders since fhe lafe 1950s. 
Pafienfs proceed fhrough a hierarchy of anxiefy- 
provoking sifuafions. Each level is experienced re- 
peafedly unfil fhe pafienf is comforfable wifh fhe 
sifuafion. Sfep-wise progression confinues unfil ul- 
fimafely pafienfs are able fo cope effecfively in fhe 
face of fhe circumsfances fhey mosf fear. Hyperes- 
fhefic desensifizafion marries fhis concepf wifh fhe 
overload principle, which confends fhaf fhe body 
musf be sfressed beyond ifs currenf level of acfiv- 
ify fo adapf and enhance funcfion. 

Clinical Application 

Pafienfs are exposed fo increasingly irrifafing 
fexfures and vibrafions fhrough fhree 10-sfep mo- 
dalifies. The dowel modalify incorporafes fexfures 
ranging from moleskin fo Velcro hooks, wrapped 
around fhe ends of V^-in. dowels, which are rubbed, 
rolled, and fapped on fhe hypesfhefic region (Fig¬ 
ure 9-35). Immersion info buckefs of parficles rang¬ 
ing from coffon fo plasfic squares is used in fhe 
parficle modalify (Figure 9-36). Exposure fo increas¬ 
ing frequencies of vibrafion ranging from 23 fo 100 
Hz is used in fhe vibrafion modalify (Figure 9-37, 
Table 9-9). Each modalify is used fhree fo four fimes 
per day. Progression is based on fhe pafienf's expe¬ 
rience. Each day fhe pafienf chooses fhe level fell 
fo be slighfly irrifafing buf folerable for a 10-minufe 



Fig. 9-35. Texture covered dowel, rolled, rubbed, and 
tapped on hypersensitive region. 



Fig. 9-36. Limb immersed in buckets of variably textured 
particles. 



Fig. 9-37. Variable frequency vibrator providing stimu¬ 
lation to hypesthetic area. 
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TABLE 9-9 

HIERARCHICAL STIMULATION EOR DESEN¬ 
SITIZATION THERAPY 


Dowel 

Textures 

Immersion 

Particles 

Vibration (Hz) 

Moleskin 

Cotton 

83 near area 

Felt 

Terry cloth 

83 and 23 near area 

Quickstick 

Dry rice 

83 near area, 

23 intermittent on area 

Velvet 

Popcorn 

83 and 23 intermittent 

on area 

Semirough 

Pinto beans 

Cloth 

83 intermittent, 

23 continuous 

Velcro loops 

Macaroni 

83 continuous, 

23 intermittent 

Hard T-foam 

Plastic wire 
Insulation pieces 

100 intermittent, 

53 intermittent 

Burlap 

Small BBs 

100 intermittent, 

53 continuous 

Rug backing 

Large BBs 

100 continuous, 

53 continuous 

Velcro hooks 

Plastic squares 

Unlimited vibration 


Source: Barber LM. Desensitization of the traumatized hand. 
In: Hunter JM, Schneider LH, Mackin EJ, Callahan AD, eds. 
Rehabilitation of the Hand. 2nd ed. Princeton, NJ: CV Mosby; 1984: 
493-502. 


period. In the Downey Hospital study,progres¬ 
sion to the next tolerable level usually occurred 2 
weeks after initiation of freafmenf. The lengfh of 
freafmenf averaged 7 weeks. Affainmenf of fhe 
highesf level of tolerance of fhe dowel, parficle, and 
vibrafion modalifies was achieved respecfively by 
62%, 54%, and 22% of pafienfs who had susfained 
crush injuries fo fhe upper limb. Over 90%, how¬ 
ever, nofed fhaf fheir percepfion of abnormal sen- 
safion no longer precluded fheir refurn fo gainful 
employmenf. 

The mechanism by which desensifizafion is 
achieved remains unclear. If has been suggesfed fhaf 
mollifying fears of pain and disabilify is fhe mosf 
beneficial aspecf of desensifizafion. Down regula- 
fion of sensifized nociceptors fhrough sfimulafion 
of a differenf sef of sensory fibers analogous fo fhe 
gaif fheory, posfulafed by Melzack and Wall,^^^ may 
provide a physiologic explanafion. Neifher of fhese 


hypofheses has been adequately explored in clini¬ 
cal frials. 

Sensory Reeducation 

The inherent difference befween physical impair- 
menf and disabilify is a basic fenef on which much of 
rehabilifafion medicine is based.^^^ Frequenfly, greaf 
funcfional gains can be achieved despite minimal 
changes measured grossly on physical examinafion. 

Physiology 

The focus of sensory reeducafion following nerve 
injury or repair is fo refrain fhe pafienf fo ufilize 
whaf residual funcfion remains fo ifs fullesf capa- 
bilify. The reserve capacify of sensory percepfion is 
nof well esfablished. If has been consisfenfly ob¬ 
served, however, fhaf a heighfened sensifivify 
fo cerfain modalifies can be achieved as compensa- 
fion for fhe loss of anofher. For example, normal 
fwo-poinf discriminafion has been esfablished as 
3 fo 5 mm.^^'‘Yef, fhose wifh impaired vision, who 
use facfile sensibilify as fheir main mode of com- 
municafion and inferacfion wifh fhe environ- 
menf, may have fwo-poinf discriminafion as fine 
as 1.5 mm.^® 

The success of sensory reeducafion is founded 
on a sound undersfanding of which sensory mo¬ 
dalifies are essenfial for funcfion and whaf level of 
infensify needs fo be perceived. Moberg^^*’ nofed 
fhaf fhe presence of mosf sensory modalifies fesfed 
on fhe sfandard neurologic examinafion do nof cor- 
relafe wifh funcfion. Of fhe fesfs performed, per¬ 
cepfion of less fhan 12 mm on fhe Weber fwo-poinf 
discriminafion fesf besf predicfed fhe abilify fo per¬ 
form precision grip. Dellon^^^ observed, however, 
fhaf many persons wifh sfafic fwo poinf discrimi¬ 
nafion greater fhan 12 mm funcfioned exfremely 
well. Furfher experimenfs revealed fhaf percepfion 
of moving fwo-poinf discriminafion af fhe finger 
fips of less fhan 6 mm correlafed wifh fhe abilify fo 
idenfify objecfs correcfly. Sensory fibers which me¬ 
diate fhe sensafion of fouch can be divided info fwo 
cafegories: slow-adapfing and fasf-adapfing. Slow- 
adapfing fibers fransmif afferenf volleys propor- 
fional fo fhe infensify of pressure. They convey in- 
formafion regarding sfafic, consfanf fouch. Fasf- 
adapfing fibers respond nof fo levels of pressure buf 
fo abrupf differences and oscillafions, experienced 
as dynamic or moving sensafion. Thus, an infegra- 
fion befween bofh sfafic and dynamic pressure sen¬ 
sibilify is needed for funcfion. 
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Clinical Application 

Sensory reeducation can be divided into two 
main categories: protective and discriminative re¬ 
education. 

Protective Sensory Reeducation 

Patients with profound sensory loss are at great 
risk for inadverfenfly injuring fhe affecfed limb. Re- 
educafion in fhis sifuafion is compensafory and 
educafion of fhe pafienf is paramounf. The pafienf 
gains an enhanced awareness of sifuafions and 
sfimuli which may place fhe limb in danger. Prob¬ 
lems such as soff fissue injuries and Charcof joinfs, 
sfemming from lack of propriocepfion and an in- 
abilify fo self-monitor motor funcfion, and blisters 
and skin breakdown from overuse and abnormal 
sudomofor acfivify are broughf fo fhe pafienf's af- 
fenfion and are monifored scrupulously.^^® 

Discriminative Sensory Reeducation 

Wynn Parry^®* claims fo have esfablished fhe firsf 
formal sensory educafion program in 1966. Dellon 
and Jabaley^'*® expanded on fhe concepf and have de¬ 
veloped a comprehensive approach based on specific 
levels of sensibilify. Pain and femperafure sensibili¬ 
ties are fhe firsf fo refurn affer nerve injury or repair. 
As discussed, aside from fheir imporfanf protective 
acfions, fhey do nof confribufe fo fhe funcfional ca- 
pabilify of fhe limb. Low frequency (30 Hz) vibra¬ 
tory and moving-lighf-fouch perception are nexf fo 
refurn. Over fime, consfanf fouch and high fre¬ 
quency (256 Hz) vibratory perceptions refurn. 

The early phase of discriminatory sensory reedu- 
cafion confers on improving fhe abilify fo distin¬ 
guish moving-lighf-fouch from consfanf fouch. This 
phase can begin only when low frequency vibra- 
fion and moving-lighf-fouch can be perceived; 
when resufuring has been performed, fhis is usu¬ 
ally 4 fo 6 monfhs following surgery.The exer¬ 
cises incorporafe ofher sensory inpufs fo facilifafe 
and reinforce greafer awareness of fhe facfile sen- 
safion. Pafienfs firsf observe visually fhe infensify, 
duration, and mode of fouch. They fhen close fheir 
eyes and concenfrafe on fhe sensafion ifself. Lasfly, 
fhey verbalize fhe sensory experience. Each session 
is brief, lasfing only 10 fo 15 minufes because of fhe 
greaf menfal concenfrafion needed fo perform fhe 
exercises correcfly. A minimum of one daily session 
is recommended buf fwo or fhree are ideal. 

Lafe phase discriminafory sensory reeducation 
encourages recovery of fexfure discriminafion and 



Fig. 9-38. The final phase of sensory reeducation involves 
sight obstructed manipulation and discrimination of 
common objects. 

object recognition (Figure 9-38). Commencement of 
fhe lafe phase follows refurn of fhe abilify fo differ- 
enfiafe consfanf and moving-lighf-fouch or moving- 
lighf-fouch discriminafion of less fhan 6 mm. Fab¬ 
rics, objecfs of variable size wifh rough and smoofh 
edges, and household objecfs are manipulafed in a 
similar formal followed in fhe early phase. Visual 
reinforcemenf is used inifially, followed by focused 
concenfrafion on fhe facfile perception, and fhen 
verbalization. 

As discriminafion improves, pafienfs are ad¬ 
vanced fo acfivifies such as picking objecfs from a 
buckef of sand, which requires fhe abilify fo dis¬ 
cern an objecf from ifs background. Ulfimafely, 
ADLs wifh vision occluded are affempfed.^®® 

The benefifs of fhe addition of sensory reeduca¬ 
tion fo surgical repair of nerve injuries fo fhe upper 
exfremifies are encouraging and have become an 
infegral parf of hand fherapy following nerve inju¬ 
ries. Several sfudies using Highef's grading sys- 
fem^^^ (Table 9-10) have shown fhaf over 80% of pa¬ 
fienfs undergoing median or ulnar nerve repairs im¬ 
proved funcfion fo a grade of S3-i- or beffer.^®®'^'*® 
These findings sfrongly supporf fhe nofion fhaf 
funcfional refurn can be improved by repefifive 
fraining of sensory awareness. 

Pain Management 

Pain is a common perceptual sequela experienced 
by persons sustaining traumatic nerve injuries. Its 
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TABLE 9-10 

CLASSIFICATION OF SENSORY 
RECOVERY 


Grade 

Level of Sensibility Function 

SO 

Absence of sensibility 

SI 

Recovery of deep pain sensibility 

Sl-H 

Recovery of superficial pain sensibility 

S2 

Recovery of superficial pain and minimal 
tactile sensibility 

S2-H 

Same as S2 but with hypersensitivity 

S3 

Recovery of superficial pain and full tactile 
sensibility with resolution of hypersensitivity 

S3-H 

Good stimulus localization but imperfect 2- 
point discrimination 

S4 

Full recovery of all sensibility 


Source: Waylett-Rendall J. Sensibility evaluation and rehabili¬ 
tation. Ortho Clin North Am. 1988;19:43-56. 


aversive nature strongly deters interactions with 
noxious stimulation. The experience of pain dur¬ 
ing the aftermath of an injury can be exfremely dis- 
fressing fo fhe pafienf. If is unusual for painful per- 
cepfions associafed wifh nerve injuries fo evolve 
info chronic, disabling experiences, per se.^^^ They 
may, however, hamper affempfs af rehabilifafion 
and ulfimafely limif funcfional resfifufion. Aggres¬ 
sive early palliafive freafmenf is an infegral parf of 
any comprehensive rehabilifafion program. 

Physiology 

Asbury and Fields^^^ divided neuropafhic pain 
info fwo cafegories: dysesfhefic pain and nerve 
frunk pain. Dysesfhefic pain is associafed wifh in¬ 
creased afferenf inpuf arising from hypersensifive, 
damaged, or regenerafing nocicepfive fibers. The 
sensafion may be consfanf, infermiffenf, jabbing, or 
lancenafing and is characferized as burning, fin- 
gling, crawling, or elecfric in nafure. The disfribu- 
fion may be difficulf for fhe pafienf fo discern buf 
usually falls wifhin fhe cufaneous sensory disfri- 
bufion of fhe injured nerve. In neuromatous forma- 
fions, fhe pain may be localized af fhe focus. Me¬ 
chanical sfimulafion provokes discharge of fhe hy¬ 
persensifive nerve endings. 

Nerve frunk pain occurs in fhe face of more proxi¬ 
mal injuries such as nerve roof injuries 
and plexopafhies. If is suggested fhaf increased fir¬ 


ing of nocicepfive fibers wifhin fhe sheafhs of 
infacf nerve frunks is fhe underlying cause. The 
sensafion is described as a confinuous deep aching 
and is occasionally noted fo be knife-like or "like 
a foofhache." If may follow a dermafomal disfri- 
bufion buf is more commonly nofed as an ache 
involving muscles wifhin fhe myofomal disfri- 
bufion. 

A fhird fype of pain may be experienced follow¬ 
ing complete fransecfion of a nerve. In confrasf fo 
fhe fwo fypes of pain previously discussed, deaf- 
terenfafion pain is nof dependenf on damaged buf 
rafher on infacf nerve fibers. If has been posfulafed 
fhaf fhe loss of sensory inpuf leads fo abnormal so- 
mafofopic reorganizafion. Changes in fhe recepfive 
fields af fhe spinal cord, fhalamic, and corfical lev¬ 
els may lead fo altered, painful percepfion as nor¬ 
mal sensory inpuf is relayed fo inappropriafe, re¬ 
organized regions of fhe cenfral nervous system. 
Phanfom limb pain is a specific fype of deafferen- 
fafion syndrome fhaf follows ampufafion. A de- 
failed discussion of fhe topic, including pafhophysi- 
ology and pofenfial freafmenf approaches, which 
are also applicable fo deafferenfafion pain follow¬ 
ing complefe nerve or nerve lesions, can be found 
in Chapfer 4, Rehabilifafion of fhe Lower Limb 
Ampufee, in Rehabilitation of the Injured Combatant. 
Vol. 1, fhe firsf of fhe fwo Texfbook of Milifary Medi¬ 
cine rehabilifafion books. 

Clinical Application 

Early affempfs af managemenf of neuropafhic 
pain were alarmingly unsuccessful. Marufa and col¬ 
leagues^^'* nofed a success rate of only 20% during a 
1-year follow-up of pafienfs wifh chronic neuro¬ 
pafhic pain. Currenf infervenfions fhaf infegrafe 
modulafion of bofh peripheral and cenfral nocicep¬ 
five fransmission hold fhe promise of greafer pal- 
liafion of fhis complex and difficulf problem. 

Pharmacological Intervention 

Antidepressants 

To the authors' knowledge, no studies have been 
conducted that confirm fhe efficacy of anfidepres- 
sanfs in fhe freafmenf of fraumafic, neuropafhic 
pain. Their usage has been infuifive, based on re¬ 
search showing effecfive relief of pain caused by 
diabefic neuropafhies and posfherpefic neural¬ 
gia. 

The mechanism by which anfidepressanfs pro¬ 
vide analgesia is poorly understood. If has been hy- 


475 





Rehabilitation of the Injured Combatant. Volume 2 


pothesized that chronic pain and depression com¬ 
monly coexist.Blockade of norepinephrine and 
serotonin re-uptake is postulated to compensate for 
relafive deficiencies of fhese neurofransmiffers. Im- 
provemenf of fhe affecfive disorder is felf fo enhance 
fhe abilify fo modulafe and folerafe nocicepfive in- 
pufs. An alfernafive fheory suggesfs fhaf pain re- 
ducfion is an epiphenomenon of fhe sedafion fhaf 
is a common side effecf of many anfidepressanf 
medicafions.^®' 

A direcf analgesic effecf is supporfed by several 
clinical findings. The onsef of pain relief usually 
occurs wifhin fhe firsf 2 fo 3 weeks/^®'^^® while a large 
percenfage of pafienfs will nof manifesf improve- 
menf of depressive symptoms before four weeks of 
fricyclic anfidepressanf use.The dosages needed 
fo modulafe pain are also lower fhan fhose needed 
for anfidepressanf effecfs. Several sfudies^^®'^^®'^^® 
have nofed analgesic effecf af doses ranging from 
75 mg fo 150 mg per day, while fhe recommended 
minimal dose for an adequafe frial of a fricyclic 
anfidepressanf drug for depression is 150 mg per 
day and can be increased fo as high as 300 mg.^®^ 
Lasfly, pain modulafion has been confirmed in sev¬ 
eral placebo-confrolled sfudies fhaf also confrolled 
for depressed pafienfs.A recenf mefa- 
analysis of 39 placebo confrolled sfudies of anfide- 
pressanf-derived analgesia in chronic nonmalignanf 
pain concluded fhaf fhe infrinsic analgesic proper- 
fies and nof fhe sedafive or anfidepressive effecfs 
of fhe drugs besf explained fhe efficacy of fhis class 
of drug in pain modulafion.Several researchers 
have posfulafed fhaf anfidepressanfs may relieve 
pain fhrough fheir abilify fo weakly bind fo cenfral 
opiafe receptors^®®; however, fhe direcf inhibitory ac- 
fion of enhanced levels of norepinephrine and se- 


rofonin in descending, pain-modulafing pafhways 
is more plausible. The relafive imporfance of fhe 
individual neurofransmiffers remains confroversial. 
Several earlier sfudies suggesf fhaf fhose anfide¬ 
pressanfs fhaf predominanfly block serofonin 
re-upfake produce superior analgesic effecfs. 

A more recenf placebo-confrolled sfudy was under- 
faken comparing fhe effecfs of desipramine and 
amifripfyline (fricyclic anfidepressanfs possess¬ 
ing bofh noradrenergic and serofonergic prop- 
erf ies) wifh fluoxefine, a relafively pure serofonin 
re-upfake inhibifor. Infrinsic analgesic acfivify in fhe 
face of neuropafhic pain was observed only in fhose 
drugs exhibifing cenfral noradrenergic re-upfake 
inhibifion. Pain relief was no beffer fhan placebo in 
fhe fluoxefine group. Max ef aP^® posfulafe fhaf 
norepinephrine is likely fhe primary mefabolife re¬ 
sponsible for pain relief, while serofonin is augmen- 
fafive af besf. 

The choice of a specific anfidepressanf medica- 
fion for fhe freafmenf of neuropafhic pain is col¬ 
ored more by fhe side effecf profiles of cerfain drugs 
fhan any proven difference in fheir effecfiveness 
(Table 9-11). Placebo-confrolled frials for amifrip¬ 
fyline, desipramine,^^® norfripfyline,^®® and 

imipramine^®^have all shown good resulfs in fhe re¬ 
lief of neuropafhic pain. In cerfain sifuafions, side 
effecfs such as sedafion may be a corollary fo fhe 
analgesia provided. Undesirable effecfs including 
insomnia, orfhosfafic hyperfension, and anficholin- 
ergic effecfs (eg, dry moufh, consfipafion, urinary 
refenfion) are fhe mosf common reasons for choos¬ 
ing or swifching fo a cerfain drug. If should be 
sfressed fhaf fhese drugs are relafively confraindi- 
cafed for use in persons wifh cardiac dysrhyfhmias, 
closed angle glaucoma, or urinary refenfion. Con- 


TABLE 9-11 

HETEROCYCLIC ANTIDEPRESSANT DRUGS USED FOR NEUROPATHIC PAIN 





SIDE EFFECTS 



Drug 

Daily Dosage 

(mg) 

Sedation, 

Hypotension 

Orthostatic 

Effects 

Anticholinergic 
Dysrythmic Effect 

Cardiac 

Amitriptyline 

50-150 

+++ 

+ + 

+ + + 

Yes 

Desipramine 

50-150 

- 

+ + 

+ 

Yes 

Imipramine 

50-150 

+ 

+++ 

+ + 

Yes 

Doxepin 

50-150 

+ + 

+ + + + 

+ + 

Yes 

Nortriptyline 

50-150 

+ 

+ 

+ 

Yes 

Trazadone 

50-150 

+ + + 

+ + 

0 

Low 


Source: Potter WZ, Rudorfer MV, Manji H. The pharmacologic treatment of depression. N Engl J Med. 1991;352:622-642. 
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sultation with an internist should be considered 
before administration in these instances. 

It is recommended that treatment be started at a 
low dose. Many authors suggest an initial dose of 
10 mg fo 25 mg for fricyclic anfidepressanfs.^^®'^®^ 
The dose should be increased every 2 fo 3 days, 
guided by fhe onsef of unfoward side effecfs. Ide¬ 
ally, a dose in fhe 75 mg fo 150 mg range should be 
achieved. Lower doses have been observed fo be 
beneficial in ofher pain disorders buf, fo dafe, only 
fhe higher doses have been used in sfudies docu- 
menfing neuropafhic pain relief. 

Ofher anfidepressanf drugs including Doxepin 
and Trazodone have been shown fo be effecfive in 
fhe freafmenf of chronic pain. No sfudies have been 
underfaken as yef fo explore fheir ufilify in fhe freaf¬ 
menf of peripheral neuropafhic pain. 

Neural Membrane Stablizers 

Anficonvulsanf drugs have been observed in 
nonconfrolled frials fo be effecfive in fhe freafmenf 
of shoofing, sfabbing pain buf nof background burn¬ 
ing, aching pain.^®® They have also served as ad- 
juncfs fo anfidepressanfs in sifuafions where neu¬ 
ralgic pain is refracfory fo anfidepressanf agenfs 
alone.Swerdlow and CundilL®® reporf rafes of 
pain relief in posffraumafic nerve injury ranging 
from 64% fo 92%. (Five anficonvulsanfs and one 
anfiarrhyfhmic drug have been evaluafed.) 

Carbamazepine. Carbamazepine has been nofed 
fo be fhe mosf efficacious of fhe group and is chemi¬ 
cally relafed fo amifripfyline. If also causes fhe mosf 
problems in regard fo side effecfs. Dizziness, un- 
sfeadiness, drowsiness, and gasfroinfesfinal upsef 
are commonly experienced during inifial freafmenf. 
Many pafienfs will develop a mild leukopenia, 
which should be monifored closely buf does nof ne- 
cessifafe cessafion of fhe drug unless while blood 
cell levels fall below 3,500 cells/mm^.^®®Rarely, buf 
ominously, carbamazepine can induce aplasfic ane¬ 
mia and agranulocytosis. Dosing should sfarf tow, 
100 mg per day, and increase by 100 mg every 2 days 
wifh a goal of 600 mg per day in divided doses (ie, 
200 mg fhree limes daily [fid]). Adminisfrafion can 
be increased fo as high as 1,800 mg per day, al- 
fhough fhis is rarely folerafed or warranfed. Close 
monitoring of all hemafopoiefic cell line levels and 
liver associafed enzymes is essenfial. 

Clonazepam. Clonazepam, a benzodiazepine, re¬ 
vealed similar effecliveness for neuropafhic pain 
relief as carbamazepine buf wifh a much better side 
effecl profile.^®® Ifs major side effecl is sedafion, 
which may be pofenfiafed by concomifanf use of 


fricyclic anfidepressanfs. Clonazepam use is rela- 
fively confraindicafed in persons wifh significanf 
renal insufficiency as ifs acfive mefabolifes are ex- 
crefed by fhe kidneys. Persons wifh respirafory 
compromise may also be placed af risk secondary 
fo enhancemenf of salivary secrefions. The mosf sig¬ 
nificanf drawback fo ifs use, however, is fhe habifu- 
afion and dependency which may develop in prone 
pafienfs, as wifh any ofher benzodiazepine. Dos¬ 
ing should sfarf af 0.5 mg per day and may be in¬ 
creased gradually, 0.5 fo 1.0 mg every fhird day. An 
average fherapeufic dose ranges from 2 fo 10 mg 
per day divided info fhree doses. 

Gabapentin. Recenfly a new anficonvulsanf, 
gabapenfin, has been shown fo have pofenf analge¬ 
sic properfies, parficularly in fhe freafmenf of neu¬ 
ropafhic pain.^®®“^®^ Gabapenfin is sfrucfurally re¬ 
lafed fo fhe neurofransmiffer gamma-aminobufyric 
acid (GABA) buf does nof inferacf wifh GABA re- 
cepfors and does nof converf info GABA. In facf, 
fhe exacf mechanism by which gabapenfin produces 
analgesic effecfs remains unclear. The greafesf ad- 
vanfage of fhe use of gabapenfin for neuropafhic 
pain is ifs remarkably tow level of foxicify and side 
effecfs. The mosf common side effecfs are sonmolence, 
dizziness, and afaxia. These are nof common and were 
reporfed primarily when gabapenfin was used 
adjuncfively wifh ofher anfiepilepfic drugs. Dosing 
begins af 300 mg once daily and is increased by 300 
mg every 2 fo 3 days up fo 300 mg fid. Given ifs 
relafive safefy and paucify of side effecfs, gaba¬ 
penfin has become fhe firsf choice among anficon¬ 
vulsanfs for fhe freafmenf of neuropafhic pain. 

Phenytoin. Phenyfoin is proposed fo acf af fhe 
level of fhe neurolemma Na+ channels, enhancing 
membrane polarizafion and sfabilizafion. A narrow 
fherapeufic window limifs ifs ufilify. Side effecfs 
commonly encounfered include sedafion, confu¬ 
sion, and afaxia. Ironically, a sensory polyneuropa- 
fhy has been observed wifh chronic usage. Dosing 
usually begins af 100 mg fwice a day and is in¬ 
creased by incremenfs of 100 mg every 2 fo 3 days 
fo a daily level of 300 fo 500 mg. A common sched¬ 
ule is 200 mg fwice a day.^®® If sympfoms have nof 
improved by 3 weeks, fhe dose should be fapered 
off, as higher doses will only lead fo foxicify. 

Valproic acid. Valproic acid possesses similar an¬ 
algesic effecfs as phenyfoin.^®® Given ifs pofenfial 
fo induce profound, fulminanf hepafic failure wifh- 
ouf warning, if is nof commonly used for neuro¬ 
pafhic pain relief, especially when more effecfive 
agenfs are available. 

Mexiletine. If has been known for some fime fhaf 
infravenous adminisfrafion of anesfhefics such as 
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lidocaine produce pain relief independent of their 
ability to block neuronal conduction.Their use¬ 
fulness in the control of persistent pain has been 
limited by the logistical difficulties of intravenous 
infusion of these relatively short-acting agents. The 
use of mexiletine, an oral lidocaine analogue has 
recently been reported in the effective management 
of diabetic neuropathic pain/“““® neuromatous 
pain/®® and peripheral nerve injury associated 
pain.^®^ 

Mexiletine's analgesic properties stem from its 
ability to block Na+ channels, stabilizing membrane 
ionic flow. Experimental studies in rats have revealed 
two possible sites of action. A peripheral effect was 
noted by Chabal et al.^®® Sensitivity to mechanical 
stimulation and spontaneous firing of injured axons 
was significantly reduced in sciatic neuromas. Woolf 
and Wiesenfeld-Hallin^®® suggest a central inhibitory 
effect at the level of the dorsal horn. 

A graded response occurs with mexiletine admin¬ 
istration, directly related to the dose. Most authors 
suggest starting at 150 mg per day and increasing 
by 150 mg every third day until 450 mg per day is 
achieved (150 mg tid). If satisfactory pain relief is 
not achieved, the dose can be increased by incre¬ 
ments of 150 mg per day at weekly intervals to a 
maximum level of 750 mg per day (approximately 
10 mg/kg/d) in divided doses. 

The most common side effects experienced by 
patients are gastrointestinal upset with nausea and 
occasionally vomiting. Dizziness, tremor, and a gen¬ 
eral perception of nervousness are also not uncom¬ 
mon. As with other antiarrhythmic agents, the po¬ 
tential for exacerbating underlying cardiac dys¬ 
rhythmias is very real and potentially dangerous. 
Thus, all persons should undergo electrocardio¬ 
graphic evaluation prior to the commencement of, 
and periodically during, treatment with mexiletine. 
Its use is contraindicated in persons with second- 
or third-degree A-V block, not using a pacemaker. 
It is also strongly discouraged for treatment of pain 
in persons with ventricular dysrhythmias, conges¬ 
tive heart failure, or hypotension. 

Substance P Inhibitors 

Capsaicin. A naturally occurring alkaloid iso¬ 
lated from capsicum peppers, capsaicin was origi¬ 
nally found to relieve the dysesthetic pain associ¬ 
ated with herpes zoster,^®^'^^° and more recently, 
painful diabetic neuropathy.No studies have 
assessed its potential use in traumatic nerve inju¬ 
ries. Capsaicin's analgesic action is derived from 
its ability to deplete substance P, a pain-modulat¬ 


ing neurotransmitter from the terminals of nocice¬ 
ptive C-fibers. Initial exposure to capsaicin causes 
excitation of the thermal receptors, manifest as a 
burning sensation that lasts for 30 to 60 minutes. 
Repeated exposure, however, leads to the desensi¬ 
tization of these same fibers. Double-blind, vehicle- 
controlled studies evaluating not only pain relief 
but also functional capacities of persons with pain¬ 
ful diabetic neuropathies revealed significant im¬ 
provements along all parameters in the treatment 

272 274 

groups. ' 

Several dosing schedules have been documented 
in the literature. Anecdotal improvement was seen 
using topical application of 0.25% capsaicin cream 
on the affected area tid.Controlled trials have uti¬ 
lized a regimen of 0.75% capsaicin cream applied 4 
times per day.^^^”^^^ 

As previously noted, the most common adverse 
effect of capsaicin use is a burning sensation that 
lasts for 30 to 60 minutes following application. In 
a study by Simone and Ochoa,all subjects re¬ 
ported a decrease in the intensity and duration of 
discomfort over several weeks. Patients with severe 
hypesthesia, unfortunately, may find this early ir¬ 
ritative effect intolerable, despite its self-limited 
course. 

Concerns have been raised regarding the poten¬ 
tial neurotoxic effects of long-term capsaicin use. 
High dose systemic administration in neonatal ani¬ 
mals has caused irreversible destruction of nocice¬ 
ptive C-fibers.^^® Clinical doses of topically applied 
capsaicin, however, have not been observed to pose 
any threat to the integrity of sensory nerve fibers.^^^ 
Apprehension about its use in sensory impaired 
individuals has also been debated. Capsaicin sig¬ 
nificantly raises the threshold for heat-pain detec¬ 
tion. Thresholds for cold, touch, and mechanical 
stimulation are not affected.Therefore, despite 
adequate preservation of protective sensation, pa¬ 
tients with impaired baseline sensation should be 
counseled to take added precautions to prevent 
thermal exposure and injury. Alteration in heat de¬ 
tection is reversible and returns to baseline with ces¬ 
sation of capsaicin application. 

Nonsteroidal Antiinflammatory Drugs 

Nonsteroidal antiinflammatory drugs (NSAIDs) 
are the foundation of many pain management regi¬ 
mens. Their role in the treatment of neurogenic pain 
has been explored in only a paucity of studies. A 
single placebo-controlled experiment showed 
ibuprofen and sulindac to be more effective than 
placebo in the treatment of painful diabetic neur- 


478 


Peripheral Nerve Injuries 


opathy.^^* Several anecdotal reports have also pre¬ 
sumed benefit from fheir use.^^®'^®° 

Following cell injury, mediators of vasodilafafion 
and inflammafion are released. Prosfaglandins and 
leukofrienes, mefabolifes of arachidonic acid, are 
among fhe mosf pofenf and omnipresenf inflamma¬ 
tory insfigafors. Prosfaglandins produce pain by 
sfimulafing and sensifizing C-fiber nocicepfors. C- 
fiber acfivify provokes furfher vasodilafafion and 
release of inflammatory mediafors. Thus, local in¬ 
jury leads to fhe cascading developmenf of pain and 
inflammafion af sifes disfanf from fhe focus, fermed 
neurogenic inflammafion. Nonsferoidal anfiinflam- 
mafory drugs' primary mode of acfion is fhe inhi- 
bifion of prosfaglandin producfion from fheir 
arachidonic acid anfecedenfs. Nonsferoidal anfiin- 
flammafory drugs inhibif fhe acfivify of fhe enzyme 
cyclooxygenase, which cafalyzes fhe addifion of 
oxygen molecules to arachidonic acids to form pros¬ 
faglandin precursors. 

There are currenfly over a dozen NSAIDs ap¬ 
proved for use in fhe Unifed Sfafes. Inferesfingly, 
response fo any single agenf is unpredicfable. The 
class of agenf also has liffle bearing on fhe success 
of pain moderafion. The choice of a specific drug is 
based on side effecf profiles, fhe pofenfial for ad¬ 
verse effecfs, dosing schedules, and ulfimafely, cosf. 
Excellenf reviews of fhe pharmacologic properfies 
and physiologic effecfs can be found in several fexfs, 
fo which fhe reader is referred. 

in addifion fo fhe benefifs gained from prosfag¬ 
landin inhibifion, many of fhe adverse effecfs of 
NSAIDs can also be ascribed fo fhe impedimenf of 
fheir producfion. Gasfrifis and pepfic ulcerafion are 
associafed wifh fhe loss of mucosal profecfion af¬ 
forded by prosfaglandin-Ej. Nephrogenically pro¬ 
duced prosfaglandins acf as endogenous angio- 
fensin II inhibifors, blunfing fheir vasoconsfricfor 
and anfidiurefic acfivify.® Pafienfs wifh severe hy- 
perfension or congesfive hearf failure may be af risk 
of sympfom exacerbafion caused by NSAID pros¬ 
faglandin inhibifion. Plafelef aggregafion inhibifion 
prolongs fhe bleeding fimes of pafienfs faking mosf 
NSAIDs, wifh fhe excepfion of fhe nonacefylafed 
salicylafes. Nephrofoxicify and rarely hepafofoxic- 
ify have occurred wifh chronic usage. Nonsferoi¬ 
dal anfiinflammafory drug use is also relafively 
confraindicafed for freafmenf of pafienfs wifh se¬ 
vere allergies or reacfive airway disease. Prosfag¬ 
landin inhibifion shunfs arachidonic acid precur¬ 
sors foward fhe 5-lipoxygenase pafhway. Leuko¬ 
frienes, fhe slow-reacfing subsfances of anaphy¬ 
laxis, are fhe ulfimafe producf and may exacerbafe 
sympfoms. 


Experimental Therapeutics 

Experimenfal freafmenf wifh clonidine and cal¬ 
cium channel blockers have proved fo be effecfive 
pain relievers in some cases, buf in ofhers fhere 
appears liffle relief was achieved. 

Clonidine. Clonidine, an alpha 2 -adrenergic ago- 
nisf, has been reporfed fo decrease pain associafed 
wifh cancer,^® arachnoidifis,^®^ and herpes zosfer.^® 
Ifs precise acfion is unclear. Possible mechanisms 
include posfsynapfic inhibifion af fhe level of fhe 
spinal neurons, presynapfic modulafion of nocice- 
pfive fiber acfivify, or inhibifion of peripheral or 
cenfral sympafhefic acfivify.A sfudy^“ of fhe 
efficacy of fransdermal clonidine (0.3 mg/d) for 
painful diabefic neuropafhy failed fo show a sfafis- 
fically significanf effecf. If was suggesfed by fhe 
aufhors, however, fhaf reproducible pain relief was 
achieved in a subgroup and fhaf fhe sample size 
and sfudy design may have negafively imparted on 
fhe sfudy oufcomes. 

Calcium channel blockers. Sfudies exploring fhe 
effecfs of calcium channel blockers on nocicepfion 
are in fheir infancy. Kavaliers^®* nofed fhaf fhe ad- 
minisfrafion of dilfiazem or nifedipine augmented 
fhe endogenous producfion of enkephalins and 
raised pain fhresholds. Calcium channel blockade 
has also been shown fo pofenfiafe fhe effecfs of ex¬ 
ogenously administered opiafes.^^^Curdal and col¬ 
leagues^®” showed pofenfial anfiinflammafory and 
nonopioid anfinocicepfive effecfs. Nicardipine was 
found fo be highly effecfive, decreasing pain re¬ 
sponses in rafs by upward of 90%. Only parfial re- 
sulfs were obfained wifh verapamil and dilfiazem. 
The role of cellular calcium ion flux has also been 
implicafed in fhe acfions of fricyclic anfidepres- 
sanfs. Adminisfrafion of nifedipine in conjuncfion 
wifh imipramine has been shown fo enhance anal¬ 
gesic effecfs in Wisfar rafs.^®^ Furfher confrolled fri- 
als in human subjecfs are expecfed for fhese drugs 
and may expand fhe alfernafives in fhe managemenf 
of pain. 

Electrical Stimulation Intervention 

Transcutaneous electrical nerve stimulation 
(TENS) has been used to modulate pain for more 
fhan fwo decades. Despife confroversies regarding 
mechanisms of acfion and efficacy, ifs use in fhe 
managemenf of neuropafhic pain has become nearly 
common. Few confrolled sfudies have been per¬ 
formed examining ifs effecfiveness in fhe face of pe¬ 
ripheral nerve injuries. Rafes of pain relief ranging 
from 50% fo over 80% have been nofed in uncon- 
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trolled trials.^®^'^” Two methods of application are 
commonly used. 

Conventional TENS 

Conventional TENS employs high frequency (60 
fo 200 Hz) impulses of low infensify. Pulse widfhs 
range from 2 fo 50 If is hypofhesized fhaf 

fhis afferenf sfimulafion inhibifs nocicepfive inpufs 
af fhe presynapfic level. Sjolund observed fempo- 
rary diminufion of fransmission from nocicepfive 
C-fibers in Wisfar rafs during peripheral applica- 
fion of TENS. The response was graded. Decreased 
firing was more pronounced in fhe 80 fo 100 Hz 
range fhan af lower frequencies.^®'’ 

The onsef of analgesia is virfually immediafe, 
following applicafion of convenfional TENS and 
rapidly abafes when sfimulafion ceases. Of elecfro- 
fherapeufic modalifies available, fhis is undoubf- 
edly fhe besf folerafed and can be used confinuously 
for hours af a fime. 

Acupuncture-like TENS 

Low-frequency (0.5 fo 10 Hz) sfimulafion af an 
infensify provoking muscle confracfion is ufilized 
in fhis form of TENS. Pulse widfhs range from sev¬ 
eral hundred fo 1,000 In confrasf fo conven¬ 

fional TENS, acupuncfure-like TENS analgesia has 
been linked fo increased release of endorphins along 
descending cenfral pain modulafing pafhways.^®® 
Acupuncfure-like TENS is applied for 20 fo 30 min- 
ufes. The onsef of analgesia is delayed, occurring 
30 minufes following complefion of fhe sfimulafion. 
Pain relief may lasf for hours fo days. The infensify 
of sfimulafion is poorly folerafed by many pafienfs. 
Ifs use is frequenfly reserved for pafienfs nof re¬ 
sponding fo convenfional TENS and fhose wifh pre- 
dominanfly deep aching pain. 

Technique 

Elecfrode placemenf and sfimulafion paramefers 
confinue fo be as much arf as science and herein 
lies fhe difficulfy assessing fhe efficacy of fhis mo- 
dalify. Responsiveness fo analogous applicafions 
may vary widely befween individuals wifh similar 
pafhologies. Elecfrodes can be placed in any num¬ 
ber of configurafions. A common mefhod is fo ap¬ 
ply fhe elecfrodes on fhe periphery of fhe painful 
region wifh sfimulafion in a parallel or diagonal 
direcfion across fhe painful sife. Elecfrodes can also 
be placed above or below fhe painful region. Sfimu¬ 
lafion along fhe proximal aspecf of fhe nerve, in a 



Fig. 9-39. Conventional transcutaneous electrical nerve 
stimulation (TENS) applied above the level of injury, on 
the edges of the sensory distribution. 

noninjured region or even at the paravertebral lev¬ 
els, has been advocated (Figure 9-39). Pain relief has 
even been observed wifh placemenf of fhe elec¬ 
frodes on fhe confralaferal limb.^®^ Rarely is direcf 
applicafion on fhe painful region helpful or foler¬ 
afed by fhe pafienf. Once elecfrodes are secured, fhe 
pafienf using convenfional TENS is insfrucfed fo 
increase fhe infensify unfil a subfle fingling sensa- 
fion is perceived. An inabilify fo decrease pain per- 
cepfions by 50% or more wifhin 30 fo 60 minufes 
warranfs reposifioning of fhe elecfrodes and a frial 
af fhe new posifion.^®® 

Complications 

Medical problems arising from fhe use of TENS 
are exceedingly rare. Skin irrifafion from fhe elec- 
fric currenf, fhe fape used fo secure elecfrodes, or 
fhe elecfrodes fhemselves are fhe mosf common 
complainf. These can be easily obviafed fhrough fhe 
use of self-adherenf, disposable elecfrodes and re¬ 
posifioning fhe elecfrodes during subsequenf ap¬ 
plicafions. The use of TENS is confraindicafed in 
pafienfs wifh demand-fype pacemakers. The TENS 
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pulses may be misinterpreted by the pacemaker as 
heart beats and may inadvertently inhibit or over¬ 
drive the pacemaker.^®^It is also suggested that elec¬ 
trodes not be placed on the anterolateral region of 
the neck to avoid hypotension and bradycardia 
from sfimulafion of fhe carofid body and vagus 
nerve. 

Electrical Muscle Stimulation 

Enhancing regeneration of injured nerve fibers 
and reversing fhe effecfs of denervafion afrophy 
have been fhe rafionale for sfimulafing denervafed 
muscle for nearly a cenfury. There is liffle consen¬ 
sus in fhe liferafure, however, supporfing ifs effi¬ 
cacy,^®® and in facf, several sfudies'*®'^®® suggesf fhaf 
if may ulfimafely impede fhe regenerafive process. 
Much of fhe confusion sfems from fhe disparafe 
mefhods used fo sfudy ifs ufilify. Variables includ¬ 
ing fhe durafion, infensify, frequency, and mode of 
applicafion are far from uniform, differing in prac- 
fically every sfudy. Subjecfs, too, range from small 
amphibians fo humans. Unforfunafely, size and 
species do nof accounf for fhe variabilify as polar¬ 
ized conclusions have been drawn wifhin species 

CAUSALGIA (COMPLEX RECK 

A unique pain syndrome associafed wifh periph¬ 
eral nerve injuries was firsf described in 1864 by 
Mifchell, Morehouse, and Keen,®* physicians for fhe 
Union Army during fhe Civil War. In fheir mono¬ 
graph Gunshot Wounds and Other Injuries of Nerves, 
fhey esfablished fhe firsf descripfion of causalgia: 

It is a form of suffering as yet undescribed and so 
frequent and terrible as to demand from us the full¬ 
est description. In our early experience of nerve 
wounds, we met a small number of men who were 
suffering from a pain which they described as 
"burning" or "mustard hot" or as "a red hot file 
rasping the skin." In all of these patients and in 
many later cases, this pain was an associate of the 
glossy skin.... The part itself is not alone subject to 
an intense burning sensation, but becomes exquis¬ 
itely hyperaesthetic, so that a touch or a tap of the 
finger increases the pain. Exposure to air is avoided 
by the patient with a care which seems absurd and 
most of bad cases kept the hand constantly wet, 
finding relief in the moisture rather than in the cool¬ 
ness of application.®™ 

Causalgia (literally: burning pain) specifically 
applies fo a symptom complex of burning pain, hy- 
pesfhesia, vasomofor insfabilify, and dysfrophic 
changes occurring after injury fo a major periph- 


groups. 

Aside from fhe lack of conclusive evidence cor- 
roborafing ifs effecfiveness, a more basic quesfion 
needs fo be raised. Even if we accepf fhe biased 
premise fhaf elecfrical sfimulafion does refard af¬ 
rophy and enhances nerve regenerafion, are fhese 
benefifs clinically relevanf? If mefhods are exfrapo- 
lafed from animal sfudies, a subsfanfial amounf of 
fherapy fime musf be dedicafed fo fhe adminisfra- 
fion of elecfrical sfimulafion. Time and labor fo¬ 
cused on prevenfing secondary complicafions and 
improving mofor and sensory funcfion will be sac¬ 
rificed. Sfimulafion levels producing fefanic con- 
fracfions have been necessary in fhose sfudies re- 
porfing good oufcomes. The loss of innervafion re¬ 
quires fhe applicafion of sfrong currenfs fo achieve 
fhis effecf. If is unlikely fhaf many pafienfs will be 
able fo comply wifh such a regimen for any lengfh 
of fime. 

The benefifs of elecfrical sfimulafion of dener¬ 
vafed muscle are equivocal af besf. Compelling evi¬ 
dence clearly esfablishing ifs usefulness has yef fo 
be presented. Ifs ufilify as a componenf of fhe reha- 
bilifafive freafmenf armamenfarium can nof be jus- 
fified af fhis fime.®'®®^'®®® 

AL PAIN SYNDROME, TYPE-II) 

eral nerve or plexus.®®® The ferms causalgia and re¬ 
flex sympafhefic dysfrophy (RSD) have been used 
inferchangeably in fhe liferafure. Recenfly, fhe In- 
fernafional Associafion for fhe Sfudy of Pain (lASP) 
has developed a revised faxonomy for fhese disor¬ 
ders. The overall term. Complex Regional Pain Syn¬ 
drome (CRPS), requires fhe sympfom complex de¬ 
scribed above for causalgia fo be applicable. CRPS- 
Type I corresponds fo RSD and occurs wifhouf a 
definable nerve lesion. CRPS-Type II corresponds 
fo causalgia and requires fhe presence of a defin¬ 
able nerve injury.®®® The ferm sympafhefically main- 
fained pain (SMP) describes fhe presenfafion of con- 
finuous burning pain wifh mechanical allodynia, 
following a hisfory of physical frauma in fhe pain¬ 
ful area fhaf is relieved by sympafhefic blockade.®®® 
Sympafhefically mainfained pain can occur in as¬ 
sociafion wifh eifher CRPS-Type I or Type II.®®® 

The incidence of CRPS-Type II in nerve-relafed 
injuries has varied during differenf conflicfs. A rafe 
as high as 32% was originally reported during fhe 
Civil War.®®® More recenf sfafisfical revisions have 
lowered fhaf rafe fo closer fo 15%. Mayfield®®^ re- 
porfed fhaf 4% of nerve-injured soldiers developed 
CRPS-Type II during World War II. Kirklin ef al®®® 
noted an incidence of 2% during fhe same conflicf. 
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while series collected independently by Nathan^“ 
and Sunderland and Kelly^”^ documented inci¬ 
dences of 14% and 12%, respectively. Rothberg et 
apos observed an incidence of 1.5% during fhe Vief- 
nam War from 1964 fo 1973. In fwo recenf Middle 
Easf conflicfs, rafes closer fo fhose observed dur¬ 
ing World War II have been documenfed. The as- 
sessmenf by Jebara and Saade^“® of nerve injuries sus- 
fained from 1975 fo 1985 during fhe Lebanese Civil 
War revealed an incidence of almosf 6%. Dillingham 
ef aP documenfed 8% of all nerve injured soldiers 
evaluafed by U.S. Army Physical Medicine and Re- 
habilifafion Services as manifesfing symptoms of 
CRPS-Type II during fhe Persian Gulf War. 

While CRPS-Type II may occur affer injury fo any 
nerve, fhose nerves carrying fhe lion's share of sym- 
pafhefic fibers are more commonly associafed. In 
fhe upper exfremify, injuries fo fhe brachial plexus 
or median nerve are overwhelmingly involved. In 
fhe lower exfremify, sfrong associafions wifh sci- 
afic or fibial nerve injuries have been esfablished. 
Injuries fo fhese nerve frunks accompany 83% of 
all cases of CRPS-Type 11.^'° 

Cardinal Characteristics 

The vague definition of CRPS has led research¬ 
ers fo furfher clarify fhe salienf feafures of fhis 
sympfom complex. Four cardinal characferisfics have 
been idenfified: (1) pain, (2) sensory abnormalifies, 
(3) aufonomic insfabilify, and (4) frophic changes. 

Pain 

The pain associafed wifh causalgia is undoubf- 
edly fhe mosf disabling componenf. Classically, if 
is described as an infense burning sensafion. If is 
nondermafomal in disfribufion and usually in¬ 
volves fhe disfal aspecf of fhe limb. Cases have been 
reporfed in which fhe pain spreads proximally and 
even fo ofher limbs.The onsef of fhis fype of pain 
quickly follows fhe inflicfion of fhe incifing wound. 
A compilafion of series from World Wars I and II 
nofed 89% of cases manifesf sympfoms wifhin fhe 
firsf week following injury.Wifh fime, fhe pain 
may change fo a deep gnawing, aching experience. 
The pain may be af any infensify buf commonly is 
severe enough fo disrupf sleep and encumber fhe 
affecfed limb. 

Sensory Abnormalities 

Aberranf sensory percepfions are commonly ex¬ 
perienced by pafienfs. Hyperalgesia describes a low¬ 


ered fhreshold fo painful sfimulafion. Noxious 
sfimuli fhaf mighf normally be perceived as merely 
uncomforfable are felf fo be excruciafingly severe. 
Anofher alfered sensibilify commonly experienced, 
fermed allodynia, is fhe percepfion of pain from in¬ 
nocuous sfimulafion such as mechanical or fhermal 
sfimuli. Nof uncommonly, pafienfs describe unbear¬ 
able pain from movemenf of fhe fine hairs on fhe 
limb by fhe sheefs on fhe bed or a breeze blowing 
fhrough fhe room. Hyperpathia may also be experi¬ 
enced. In fhis sifuafion, fhere is an increasing sen- 
sifivify fo repefifive sfimulafion. For example, a fin¬ 
ger fap may nof be painful inifially, buf as if is re- 
peafed, tolerance decreases and fhe once folerable 
sfimulafion becomes less bearable. This amplifica- 
fion can be explosive. There is commonly affer-sen- 
safion and radiafion of fhe discomforf.^^^ 

Autonomic Instability 

Alferafions in fhe funcfion of fissues innervafed 
by fhe sympafhefic nervous sysfem help fo differ- 
enfiafe CRPS-Type II from more common neuro- 
pafhic pain syndromes. Sympafhefic cell bodies are 
locafed in fhe infermediolaferal gray maffer of fhe 
spinal cord, exfending from fhe eighfh cervical level 
fo fhe second lumbar level. The myelinafed pregan¬ 
glionic axons synapse af fhe paraverfebral ganglia. 
These whife rami may fraverse several levels of 
ganglia before synapsing. Acefylcholine is released 
af fhe ferminals of all aufonomic preganglionic fi¬ 
bers. The posfganglionic axons are unmyelinafed 
C-fibers fhaf run wifh fhe anferior spinal mofor 
nerves. The majorify of posfsynapfic fibers release 
fhe neurofransmiffer norepinephrine. However, 
sudomofor fibers confrolling sweaf glands release 
acefylcholine.Decreased sympafhefic acfivify 
may be observed very early on, manifesf by 
vasodilafory changes of warmfh, eryfhema, and 
edema. Hypohidrosis is also observed as vasomo¬ 
tor and sudomofor dysfuncfion usually coexisf. Af¬ 
ter several weeks fo monfhs, sympafhefic hyperac- 
fivify may also occur. Cool, pale, cyanofic, sweafy 
limbs, reflecfing vasoconsfricfion and hyperhidro- 
sis, may be discerned. 

Trophic Changes 

Changes in fhe infegumenf occur early. Gradual 
fhickening and coarsening of fhe skin and fhe de- 
velopmenf of piffing edema are observed wifhin 
days fo weeks of fhe inifial injury. Hair and nail 
growfh is inifially accelerafed. In lafer sfages, fhe 
skin fhins and becomes fauf and shiny. Nails be- 
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come brittle, thickened, and pitted. Ultimately, hair 
and nails may fall out. 

Muscles, ligaments, and tendons shorten and 
begin to develop contractures. The synergistic ef¬ 
fects of immobilify due fo pain and fhe presence of 
edema spur fhis devasfafing evolufion. As confrac- 
fures progress and muscles weaken from disuse, 
joinf sfiffening and ankylosis may occur. 

Bony changes are also seen incipienfly and can 
be seen on bone scan wifhin fhe firsf 2 weeks. 
Pafchy, periarficular osfeoporosis appears, usually 
af fhe mefacarpophalangeal (MCP) or mefafar- 
sophalangeal (MTP) joinfs wifhin weeks. Increased 
vascular flow, possibly relafed fo abnormal sympa- 
fhefic acfivify, leads fo more generalized involve- 
menf. Wifh fime, if may become difficulf fo differ- 
enfiafe diffuse osfeoporosis associafed wifh caus- 
algia from fhaf merely secondary fo immobilify re¬ 
lafed fo pain. 

Clinical Staging 

DeTakats'^''* descriptive analysis of five cases of 
RSD (CRPS-Typel) in 1937 laid fhe groundwork for 
furfher codificafion of fhe course of fhe syndrome. 
Bonica^^® lafer grouped fhe signs and symptoms of 
unfreafed cases info fhree chronological sfages. The 
ufilify of such sfaging should be viewed caufiously. 
Commonly, differenf signs progress af variable 
rafes. If may become difficulf fo absolufely classify 
fhe severify of fhe syndrome. The evolufion of 
CRPS-Type II runs along a specfrum, and fherefore, 
fhe sfaging sysfem is af besf a gesfalf view of syn¬ 
drome severify. Dogmafic applicafion of fhe sfag¬ 
ing paradigm may lead fo fhe exclusion of frue 
cases. 

First Stage (Acute) 

Wifhin days fo weeks of fhe incifing injury, fhe 
consfellafion of pain percepfions and abnormal sen- 
sibilifies previously described begin. The pain is 
amplified by emofional sfressors, audifory and vi¬ 
sual sfimulafion, and especially by movemenf of fhe 
affecfed limb. A sodden, piffing edema develops 
disfally. The skin is red, warm, and dry; hair and 
nail growfh is accelerafed. During fhe very early 
parf of fhe firsf sfage, no abnormalifies may be seen 
on roenfgenography. Lafer, fhe onsef of periarficu¬ 
lar osfeoporosis is seen. Increased upfake on all 
fhree phases of fechnefium 99m bone scanning is 
seen in fhe periarficular regions of fhe small joinfs 
of fhe affecfed limb. The acufe sfage may lasf for 
days and resolve sponfaneously. Alfernafively, if 


may be recalcifranf, persisfing for upward of 6 
monfhs.^'® 

Second Stage (Dystrophic) 

Befween 3 and 6 monfhs affer onsef, fhe signs 
and sympfoms may evolve info fhe dysfrophic 
sfage. Pain and abnormal sensibilify remain simi¬ 
lar fo fhaf seen during fhe firsf sfage. The infegu- 
menf becomes cool, pale, and cyanofic. Hair growfh 
wanes and nails become fhickened, briffle, and 
ridged. Edema fakes on a firm, nonpiffing consis- 
fency. Muscle afrophy begins as do confracfures of 
all fhe soff connecfive fissues. The spoffy osfeoporo¬ 
sis seen during fhe lafer phase of fhe firsf sfage be¬ 
comes more generalized, commonly affecfing fhe 
epiphyseal regions of fhe bones. Technefium 99m 
bone scans reveal normalizafion of fhe blood ve- 
locify and pool phases wifh persisfenfly increased 
upfake during delayed fixafion. The second sfage 
can lasf for many monfhs. 

Third Stage (Atrophic) 

During fhe lasf sfage, severe, afrophic changes 
resisfanf fo freafmenf develop. Pain and sensory ab¬ 
normalifies may remain sfeady or rarely decrease 
in intensify. The skin becomes cool, smoofh, glossy, 
and pale. The principal change however, is afrophy. 
Marked wasfing of muscle and subcufaneous faf 
occurs, leading fo fauf sfrefching of fhe skin super¬ 
ficially over fhe osfeoporofic bones. Joinf confrac¬ 
fures progress, culminafing in carfilage desfrucfion, 
joinf subluxafion, and evenfually, ankylosis. Roenf- 
genograms show severe, diffuse osfeoporosis, while 
bone scans reveal decreased upfake during fhe flow 
and pool phases wifh normalizafion of fhe lafer fixa¬ 
fion phase. 

Pathophysiology 

The multitude of fheories regarding fhe efiology 
of CRPS decries fhe lack of firm undersfanding of 
ifs pafhophysiologic mechanism. The profound 
diminufion of pain following sympafhecfomy, 
noted as early as World War I by Leriche (cifed in 
Loh and Nafhan),^^^has implicafed fhe sympafhefic 
nervous sysfem as in some way involved in fhe per- 
pefuafion of fhis pain syndrome.Several heuris- 
fic fheories have recenfly been posfulafed fo explain 
fhe incifing causes and alferafions in fhe peripheral 
and cenfral nervous sysfems fhaf may perpefuafe 
fhe syndrome even affer resolufion of fhe inifial 
injury. 
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Specific types of sensory inputs are transmitted 
along particular classes of nerve fibers. Painful, in¬ 
jurious stimulation is conducted afferently along 
myelinated A-delta fibers and unmyelinated C-fibers. 
The ability to respond to several types of noxious 
stimuli or exclusively to a single form of nocicep¬ 
tive input varies between fiber types. Moderately 
intense mechanical stimulation is transduced 
through A-delta high threshold mechanoreceptors 
(HTM). A-beta myelinated mechanothermal noci¬ 
ceptors (MMTN) respond to heat greater than 45°C 
and to intense mechanical stimulation. Both the A- 
delta HTM and MMTN fibers terminate along sev¬ 
eral dorsal horn laminae, predominantly laminae I, 
IIo, V, and X. C-polymodal nociceptors (C-PMN) are 
most sensitive to strong prolonged stimulation by 
temperatures ranging from 45°C to SHC, intense 
mechanical stimulation or chemical irritation. 
C-PMNs terminate at laminae I, IIo, and V. A-beta 
low threshold mechanoreceptors (LTM) are non¬ 
nociceptive, large myelinated sensory afferents. 
These fibers normally transmit light touch and 
subtle mechanical stimulation. A-beta fibers termi¬ 
nate at laminae II through V. Some penetrate into 
the ventral horn, directly synapsing with motor 
neurons, while others ascend in the dorsal columns. 

Of the dorsal laminae mentioned, lamina V is 
suggested to be integral in the establishment of sym¬ 
pathetically maintained pain syndromes. The most 
common cells found in the lamina are wide dynamic 
range (WDR) or multireceptive neurons. These 
nerve cells will respond to stimulation from not only 
A-delta and C-PMN but from A-beta LTM fibers. It 
has been suggested^^® that these WDR neurons may 
be sensitive to spinal and supraspinal modulation. 
While much research has focused on the roles 
played by individual components of the nervous 
system in the maintenance of sympathetically main¬ 
tained pain, it is ostensible that peripheral and cen¬ 
tral alterations are inextricably related and likely 
confer perpetual changes upon each other. 

Central Changes 

Roberts and Foglesong^^® hypothesized that sen¬ 
sitization of WDR neurons in the dorsal horn is the 
pivotal occurrence driving sympathetically main¬ 
tained pain syndromes. Trauma to a peripheral 
nerve, in the case of CRPS-Type II, causes nocicep¬ 
tive transmission along unmyelinated C-PMN fi¬ 
bers to the laminae of the dorsal horn, including 
WDR neurons in lamina V. Kenshalo et al™ sug¬ 
gested that repeated volleys of C-fiber stimuli in¬ 
crease the sensitivity of WDR neurons to subsequent 


stimulation. As WDR neurons receive afferent vol¬ 
leys not only from peripheral nociceptors, nonpain¬ 
ful stimulation such as light touch transmitted by 
A-beta fibers also triggers amplified responses in 
the primed spinal neurons. 

The WDR neuronal response furnishes an impor¬ 
tant component of ascending nociceptive informa¬ 
tion. Under normal circumstances, the low fre¬ 
quency and intensity of A-beta stimulation is un¬ 
likely to trigger the large bursts of activity in the 
WDR neurons that are perceived supraspinally as 
pain. Sensitized WDR cells, however, may produce 
exaggerated outputs in the face of normal A-beta 
stimulation. Allodynia and hyperpathia are mani¬ 
festations of this aberrant, heightened sensitivity to 
nonnoxious stimulation. 

Peripheral Changes 

The suggestion that nonnoxious stimulation 
might be integrally involved in the development of 
sympathetically maintained pain was put forth ini¬ 
tially by Loh and Nathan.Their presumption was 
further substantiated by Campbell et al.^^^ Differ¬ 
ential nerve blocks were performed on patients with 
long-standing nerve-injury-associated hyperalge¬ 
sia. Selective blockade of large myelinated A-beta 
fibers led to ablation of the abnormal sensation, cor¬ 
responding to the loss of light touch sensibility. Sen¬ 
sory input transmitted by C-PMN and A-delta fi¬ 
bers remained intact. Selective blockade of C-PMN 
and A-delta fibers did not alter the perception of 
hyperalgesia. The unique susceptibility of A-beta 
fibers to sympathetic stimulation, as observed in 
several studies, corroborates their participation in 
sympathetically maintained pain syndromes. 

Sympathetic Nervous System 

The precise changes occurring centrally and pe¬ 
ripherally, while better understood, continue to be 
debated. The implication of the sympathetic ner¬ 
vous system, however, has been suspected for close 
to a century and has rarely been contested. Stimu¬ 
lation of sympathetic ganglia at frequencies as low 
as 5 Hz have been observed to activate specific sub¬ 
sets of dorsal horn spinal neurons. Sympathetic 
stimulation failed to trigger neurons receiving in¬ 
put solely from A-delta high threshold neurons. 
Nearly 50% of WDR spinal neurons were acti¬ 
vated.Of the WDR neurons stimulated, studies 
have observed anywhere from 15% to 56% were 
composed of those receiving input from A-beta 
LTM.“°'“^ Roberts et aP^^ contend that increased 
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sympathetic output is not necessary to drive the 
pain cycle. Normal sympathetic tone, as simulated 
by low-frequency stimulation causes firing of A- 
befa fibers in fhe periphery. This is in line wifh 
Torebjork's conclusion fhaf fhere is liffle evidence 
from microneurographic recordings fo supporf fhe 
confenfion fhaf sympafhefic oufflow is increased in 
sympafhefically mainfained pain syndromes.In 
fhe face of sensifized WDR spinal neurons, normal 
firing of sympafhefically sfimulafed A fibers would 
be perceived as painful sfimuli. 

Roberfs^^ has eleganfly consfrucfed a paradigm 
in which cenfral neuronal changes, inifiafed by a 
peripheral injury, mighf be mainfained by normal 
sympafhefic acfivify, even affer fhe original pain¬ 
ful sfimulafion has resolved. If also provokes a num¬ 
ber of quesfions: 

1. If anywhere from 54% fo 85% of WDR neu¬ 
rons are nof friggered by sympafhefically 
sfimulafed A fibers, are fhere ofher periph¬ 
eral fibers fhaf mighf be sfimulafed adren- 
ergically? 

2. Are fhere ofher peripheral mechanisms fhaf 
mighf sfimulafe sensory fibers, mainfain- 
ing WDR neuronal sensifizafion and frig- 
gering abnormal pain experiences? 

Peripheral C-Polymodal Nociceptors 

The sfrongesf evidence for fhe addifional in- 
volvemenf of C-PMN fibers is derived from sfud- 
ies of CRPS-Type II, in which fhe sympfom com¬ 
plex is induced by peripheral nerve injury. The 
works of Devor and Janig^^® and Wall and Gufnik^^® 
have shown fhaf afferenf nerve fibers enfangled in 
neuromas do respond fo sympafhefic sfimulafion 
as well as fo local applicafion of norepinephrine. 
Safo and PerP^^ observed fhaf normal C-fibers did 
nof respond fo adrenergic sfimulafion. Parfial in¬ 
jury of mixed nerves, however, led fo sifuafions in 
which C-PMN fibers developed enhanced sensifiv- 
ify fo bofh sympafhefic sfimulafion and peripheral 
exposure of norepinephrine. Sensifizafion of 
C-PMN fibers fo adrenergic sfimulafion sfarfed as 
early as 4 days affer fhe incifing injury and peaked 
during fhe second week. This fime frame mirrors 
fhe onsef of sensory abnormalifies and pain ob¬ 
served in clinical sellings of CRPS-Type II.^^“Impor- 
fanfly, sensifizafion fo adrenergic sfimulafion was 
nof focused af fhe sife of injury. If was nofed fo be 
mosf profound af fhe nerve endings. While fhese 
findings may have imporfanf implicafions in CRPS- 
Type II, if is unclear whefher fhey can be general¬ 


ized fo nonnerve-injury-associafed sympafhefically 
mainfained pain syndromes. 

The role of peripheral insfigafors in fhe devel- 
opmenf and mainfenance of CRPS-Type II cannof 
be underesfimafed. Undoubfedly, fhe overempha¬ 
sis on ablafion of only sympafhefic efferenls has led 
fo many freafmenf failures. Following local injury 
and sfimulafion of C-PMN fibers, fhere is commonly 
fhe developmenf of edema, caused by a reflex dis- 
furbance of vasoconsfricfor oufflow.As fhe edema 
spreads, C-PMN fibers nof inifially in fhe region of 
injury are sfimulafed, causing a perpefuafion of 
neurogenic inflammafion. Less peripheral sfimula¬ 
fion is needed fo provoke firing of fhe C nociceptors 
once fhey have become sensifized. Thus, an escala- 
fion of C-PMN firing ensues, mainfaining neuro¬ 
genic inflammafion, causing furfher sensifizafion of 
fhe C-fibers, and ulfimafely, sensifizing and per- 
pefuafing fhe firing of WDR spinal neurons. The 
developmenf of edema, coupled wifh immobilify 
induced by pain, spawns a new problem: soff 
fissue confracfures. Movemenf of confracfed joinfs 
excifes muscle and join! nocicepfors, adding fo 
fhe sensifizing volleys converging on fhe WDR 
neurons. 

Summary 

Causalgia is an exfremely complicafed, sympa¬ 
fhefically mainfained pain syndrome, which follows 
a small percenfage of peripheral nerve injuries. 
While ifs exacf pafhophysiologic mechanism re¬ 
mains as yef unknown, a collusion of peripheral, 
cenfral, and sympafhefic nervous sysfem acfivifies 
inifiafe, mainfain, and perpefuafe fhe syndrome. Re- 
cenf sfudies supporf fhe following hypofhesis: 

1. Inifial peripheral nerve injury sfimulafes 
C-PMN fibers, which sensifize WDR spi¬ 
nal neurons. 

2. Neurogenic inflammafion friggers fhe fir¬ 
ing of addifional C-PMNs, which in furn 
sensifize WDR neurons. 

3. Sensifized WDR neurons respond abnor¬ 
mally nof only fo C-PMN fiber inpuf buf 
also fo A-befa fiber inpuf. Thus, bofh nox¬ 
ious and nonnocicepfive sfimulafion is per¬ 
ceived as hyperinfense and painful. 

4. Sympafhefic adrenergic acfivify perpefu- 
afes WDR sensifizafion and abnormal firing 
by friggering fhe firing of A-befa fibers and 
also sensifizing and excifing C-PMN fibers. 

5. Sympafhefic sensifizafion, peripheral sen¬ 
sifizafion, and fhe escalafion of nociceptor 
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involvement as soft tissue pathology devel¬ 
ops, perpetuates the pain syndrome even 
after the initial injury has abated. 

A solid understanding of all fhe pofenfial ele- 
menfs involved may help guide a more rafional 
approach fo fhe managemenf of fhis syndrome. 

Diagnosis 

While much of fhe liferafure alludes fo fhe no- 
fion of CRPS as a unique, well-defined disorder, no 
sfudies fo dafe have esfablished firm criferia upon 
which a diagnosis can be based. Causalgia remains 
an elusive symptom complex, associafed wifh labo- 
rafory findings fhaf may help supporf buf cannof 
confirm ifs presence. Mosf sfudies examining diag- 
nosfic approaches fo CRPS do nof differenfiafe Type 
I from Type II or SMP. Therefore, fhese ferms may 
be used inferchangeably in fhe nexf several secfions. 

Clinical Criteria 

Descriptive definitions of CRPS-Type II and 
CRPS-Type I have been affempfed. The I ASP clas- 
sificafions for fhese symptom complexes have al¬ 
ready been menfioned.^"^ A panel of experfs has af¬ 
fempfed fo develop a more concise definifion. The 
group af Schloss ReffershofP^® described CRPS-Type 
I as 

...a syndrome of continuous diffuse limb pain, of¬ 
ten burning in nature and usually consequent to 
injury or noxious stimulus and disuse, presenting 
with variable sensory, motor, autonomic, and 
trophic changes; causalgia represents a specific 
presentation of CRPS-Type I associated with pe¬ 
ripheral nerve injury. 

While less vague than the 1986 lASP definition, 
detractors still lament that this definition of CRPS- 
Type I can apply fo sympfoms experienced in any 
number of posffraumafic sifuafions. 

The offen-cifed criferia esfablished by Kozin ef 
aP^°were developed empirically fo assess fhe effi¬ 
cacy of cerfain freafmenf profocols and imaging 
sfudies. Kozin's proposed criferia divided pafienfs 
info four pofenfial groups: 

1. Definife reflex sympafhefic dysfrophy syn¬ 
drome (RSDS) included pafienfs wifh pain, 
fenderness in fhe disfal exfremify, signs or 
sympfoms of vasomofor insfabilify, or 
swelling. 


2. Probable RSDS included fhose wifh pain 
and fenderness and eifher vasomofor insfa¬ 
bilify or swelling. 

3. Possible RSDS included pafienfs wifh va¬ 
somofor insfabilify or swelling buf wifh- 
ouf pain. 

4. Lasfly, fhe doubfful RSDS cafegory confained 
fhose wifh unexplained pain in an exfremify. 

Ironically, while many clinicians base diagnoses 
on fhe responsiveness fo sympafhefic blockade, ab- 
solufely no pafienfs in Kozin's sfudy, even fhose 
deemed as suffering from definife RSDS, achieved 
a good response fo sympafhefic blockade. Kozin's 
scinfigraphic resulfs pose anofher problem when 
assessed in relafionship fo fhe durafion of signs and 
sympfoms. The expression of signs and sympfoms 
by pafienfs included in fhe sfudy ranged from 2 
weeks fo nearly 6 years. Yef, from 40% fo 83% had 
increased perfusion on fhe sfafic and flow sfudies, 
varying merely by predefermined cafegorizafions. 
These findings are af odds wifh fhe chronological 
evolufion of bone scan findings esfablished by 
Demangeaf ef al.^^^ If should be undersfood, fhere- 
fore, fhaf fhe efficacy of Kozin's criterion as a diag- 
nosfic fool in esfablishing fhe diagnosis of CRPS- 
Type I is dubious af besf. 

An alfernafive approach fo diagnosis was esfab¬ 
lished by Roberfs.^“^ Of fhe signs and sympfoms 
cafalogued in ofher descripfions, only involvemenf 
of fhe sympafhefic nervous system disfinguishes fhe 
syndrome from ofher posffraumafic pain problems. 
A diagnosis of sympafhefically mainfained pain 
implies fhaf pain relief is obfained during block¬ 
ade of fhe sympafhefic nervous sysfem. Ganglionic 
blockade as well as posfganglionic regional block¬ 
ade have been considered. Arner^^^ suggesfed fhaf 
infravenous infusion of phenfolamine, a shorf-acf- 
ing alpha-adrenergic blocker (5 mg fo 15 mg) over 
a 5-fo-lO-minufe period could be used diagnosfi- 
cally fo defermine fhose pafienfs likely fo gain pain 
relief from more definifive sympafhefic blockade. 
While narrow in focus, fhe esfablishmenf of respon¬ 
siveness fo sympafhefic blockade may be exceed¬ 
ingly helpful in fhe orchesfrafion of a mulfifacefed, 
inferdisciplinary managemenf approach. 

Laboratory Findings 

Roentgenography 

Kozin et aP“ observed on fine defail roenfgen- 
ography fhe nonspecific finding of pafchy os¬ 
teoporosis in 69% of pafienfs meefing his criferia 
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for definite, possible, and probable RSDS. Bone re¬ 
sorption was observed most commonly in the peri¬ 
articular regions but also diffusely in a smaller num¬ 
ber of cases. As a diagnostic tool, roentgenography 
has a sensitivity of 69% and a specificity of 79%.^^" 
Kozin and colleagues^^^ cautioned that the devel¬ 
opment of patchy demineralization reflected the in¬ 
tensity of the resorptive process and not the actual 
mechanism. The value of roentgenography in their 
studies are overestimated in that associated prob¬ 
lems, such as disuse and immobilization caused by 
nerve injury or pain, may be independent anteced¬ 
ents of periarticular osteoporosis.The utility of 
roentgenography may be greatest in the very early 
stages when the resorption is less likely to be from 
disuse and more likely caused by accelerated blood 
flow in the affected region. 

Triple-Phase Bone Scan 

Several studies have addressed the utility of 
Technetium 99m (^^"'Tc) bone scintigraphy as not 
only a diagnostic but a staging tool. Kozin et al 
noted the delayed phase (third phase) had a sensi¬ 
tivity of 60% and a specificity of 92%.^^“'^^^Holder 
and Mackinnon,^^® observing symptoms only in the 
hands, documented different levels of sensitivity 
during each of the three phases. Phase I had a sen¬ 
sitivity of 45%; phase II, 52%; and phase III, 96%. 
Specificity was virtually the same for all phases at 


greater than 95%. Davidoff et aP®® explored the pre¬ 
dictive value of triple-phase bone scans. Overall 
sensitivity was rated at 44%, specificity was 92%, 
positive predictive value was 61%, and negative 
predictive value, 86%. Differences in outcomes 
likely reflect the lack of consensus on what consti¬ 
tutes a diagnosis of CRPS-Type I as well as the uti¬ 
lization of subtly different techniques. Other fac¬ 
tors that have been noted to decrease the efficacy 
of triple-phase bone scanning as a diagnostic aid 
include the manifestation of symptoms for more 
than 6 months and patient age below 50 years. 

Demangeat et aP®^ suggested that the variability 
of sensitivity might be explained if the period of 
illness during which the bone scan is obtained is 
considered. Following an initial intravenous bolus 
of ^’'"Tc, the time span from the arrival of tracer in 
the camera field as it passes through the arterial sys¬ 
tem to the beginning of its disappearance through 
venous return marks the blood flow phase (phase 
I). The blood pool phase (phase II) follows quickly, 
revealing distribution of ^^“Tc between the intravas¬ 
cular and interstitial compartments. This phase re¬ 
flects the vascularization of the soft tissues. By 3 
hours after injection, the ^^"'Tc has left the soft tis¬ 
sue. These delayed, phase III images reflect bone 
fixation (Figures 9-40 through 9-42). 

Distinct patterns of ^®™Tc uptake during the three 
phases paralleled the elapsed time during which 
symptoms were evident. 
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Fig. 9-40. Blood flow phase (phase I) of three phase bone 
scan. Asymmetrically increased uptake is observed in the 
left upper extremity of a patient with stage I CRPS-Type 
I. Scan courtesy of MAJ Antonio Balingit, M.D., Depart¬ 
ment of Radiology, Walter Reed Army Medical Center, 
Washington, DC. 
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Fig. 9-41. Blood pool phase (phase II) of three phase bone 
scan. Asymmetrical increased uptake is observed in the 
right upper extremity of a different patient with stage I 
CRPS-Type I. Scan courtesy of MAJ Antonio Balingit, 
M.D., Department of Radiology, Walter Reed Army Medi¬ 
cal Center, Washington, DC. 
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Fig. 9-42. Delayed hyperfixation phase (phase III) of 
three-phase bone scan. Asymmetrical periarticular in¬ 
creased uptake is observed in the right upper extremity 
of a patient with stage I CRPS-Type I. Tracing courtesy 
of MAJ Antonio Balingit, M.D., Department of Radiol¬ 
ogy, Walter Reed Army Medical Center, Washington, DC. 


During the first 20 weeks from onsef of symp- 
foms, increased upfake was observed during all 
fhree phases. Normalizafion of fhe blood flow and 
pool phases were seen befween 20 and 60 weeks 
wifh confinued hyperfixafion during phase III. Af- 
fer 60 weeks from onsef, decreased upfake was ob¬ 
served in fhe firsf fwo phases wifh normalizafion 
in fhe lasf phase (Table 9-12). 

Triple phase bone scan may be a helpful adjuncf 
in fhe diagnosis of CRPS-Type I, especially in sifu- 
afions where sympfoms, fimeframe, and appropri- 
afe scinfigraphic findings all coincide. 

Thermography 

Thermography is a noninvasive procedure fhaf 
measures and displays heaf emiffed by fhe superfi¬ 
cial fissues of fhe body. Normally, fhermal disfri- 
bufions are symmefrical and follow a generally dis- 
fincfive pattern. Changes in fhe digifal color repre- 
senfafions of femperafure disfribufions or gradienfs 
may suggesf an underlying pafhology. According 
fo Uricchio, fhermographic findings in causalgia 


mirror clinical sympfoms. Early in fhe course, an 
asymmefrical nonfhermofomal femperafure in¬ 
crease of several degrees is apparenf by fhermo¬ 
graphic assessmenf. Lafer, as fhe limb becomes 
cooler, a regional drop in femperafure may be seen 
in fhe affecfed limb.^^® While promising, fhe pro- 
hibifively high equipmenf cosfs and lack of general 
availabilify have kepf fhermography more in fhe 
realm of a research fool. There have been no sfud- 
ies comparing fhe benefifs of fhermography fo fhe 
universally available and less cosfly scinfigraphic 
sfudies. 

Future Diagnostic Approach 

Currently, there is no single test or group of find¬ 
ings fhaf will absolufely confirm fhe diagnosis of 
CRTS. Furfher research is needed fo esfablish fhe 
validify (ie, fhe fesf accurafely measures whaf if in- 
fends fo measure) of currenf diagnosfic approaches. 
A paradigm shiff needs fo be made away from clas- 
sificafion sysfems fhaf require a person fo meef all 
criferia in order fo attain a diagnosis. The overall 
reliabilify (ie, capacify fo give consisfenf resulfs 
when used by differenf examiners af differenf fimes) 
of each diagnosis is limifed by fhe leasf reliable cri- 
ferion. The implemenfafion of a model in which a 


TABLE 9-12 

TRIPLE PHASE BONE SCAN EINDINGS 
DURING THREE STAGES OE RSDS 


Stage 

Bone Scan 

Phase Results 

Stage I (0-20 weeks) 

Blood flow 

Increased 


Blood pool 

Increased 


Delayed 

Increased 

Stage II (20-60 weeks) 

Blood flow 

Normal 


Blood pool 

Normal 


Delayed 

Increased 

Stage III (60-100 weeks) 

Blood flow 

Decreased 


Blood pool 

Decreased 


Delayed 

Normal 


RSDS: reflex sympathetic dystrophy syndrome 
Source: Davidoff G, Werner R, Cremer S, Jackson MD, Ventocilla 
C, Wolf L. Predictive value of the three-phase technetium bone 
scan in diagnosis of reflex sympathetic dystrophy syndrome. 
Arch Phys Med Rehabil. 1989;70:135-137. 
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person needs to manifest several, but not necessar¬ 
ily all, criteria will improve the overall reliability 
of each diagnosis and begin fhe process of honing a 
generally accepfed approach fo diagnosis. Such a 
model has been developed by Wilson^^® and may 
provide a basis for furfher diagnosfic sfandardi- 
zafion. Af leasf six criferia would be needed fo 
confirm a diagnosis of CRPS-Type I. Three fo five 
posifive criferia may be cafegorized as possible 
CRPS-Type I unfil furfher evaluafion of fhe criferia 
can be made. Less fhan fhree posifive criferia would 
nof consfifufe CRPS-Type I. Included as criferia 
would be bofh clinical and laborafory findings 
(Table 9-13). 

Conclusions regarding fhe efficacy of specific 
freafmenf modalifies are confingenf on fhe devel- 
opmenf of valid diagnosfic mefhods. Unfil criferia 
are accepfed universally, if will be difficulf fo accu- 
rafely assess fhe effecfiveness of fherapeufic infer- 
venfions. 

Treatment 

No single treatment has been found fo be effec- 
five in fhe freafmenf of CRPS-Type II. A well-co- 
ordinafed, inferdisciplinary approach wifh a fo- 


TABLE 9-13 

PROPOSED DIAGNOSTIC CRITERIA EOR 
COMPLEX REGIONAL PAIN SYNDROME 
(CRPS) 


Clinical Findings 

Paraclinical Finding 

Burning pain 

Roentgenography 

Allodynia 

Bone scintigraphy 

Temperature/color change 

Thermography 

Edema 

Quantitative sweat 
test 

Skin, hair, nail growth change 

Quantitative sensory 
test 


Response to 
sympathetic blockade 


Definite CRPS: More than 5 findings present 
Possible CRPS: 3 to 5 findings present 
Not CRPS: Less than 3 findings 

Source: Wilson PR. Sympathetically maintained pain principles 
of diagnosis and therapy. In: Stanton-Hicks M, Janig W, Boas 
RA, eds. Reflex Sympathetic Dystrophy. Boston, Mass: Kluwer Aca¬ 
demic Publishers; 1988:24-36. 


cused goal of funcfional resforafion is fhe key fo 
successful managemenf. The coupling of peripheral 
sfimulafion and cenfral sensifizafion by sympa- 
fhefic acfivify provides fhree areas fhaf should be 
freafed simulfaneously fo sfymie fhe self- 
perpefuafing cycle. Inifial managemenf should fo¬ 
cus on fhe diagnosis and freafmenf of fhe incifing 
injury. Pain musf be broughf under confrol fhrough 
peripheral, cenfral, and sympafhefic freafmenf ap¬ 
proaches and, once decreased fo folerable levels, 
should be coordinafed wifh aggressive physical 
fherapy. 

Sympathetic Blockade 

Exfensive reporfs collecfed during World Wars I 
and II suggesf fhaf sympafhefic blockade effecfively 
abolishes fhe pain associafed wifh CRPS-Type 
As an isolafed infervenfion, however, if rarely pro¬ 
vides permanenf relief. 

Ganglionic blockade. Sfellafe ganglion blocks are 
used when fhe upper exfremify is sympfomafic. The 
needle is passed in a verfical-dorsal direcfion along 
fhe medial edge of fhe sfernocleidomasfoid muscle 
af fhe level of fhe cricoid carfilage. Af a depfh of 2 
cm fo 3.5 cm, confacf should be made wifh fhe frans- 
verse process of fhe C-6 verfebra. The needle is fhen 
wifhdrawn 2 mm. A 5-mL fo 10-mL injecfion of lo¬ 
cal anesfhefic (eg, 1% mepivacaine or 0.5% bupiv- 
acaine) is adminisfered following exfensive aspira- 
fion, ensuring fhaf no vessel has been enfered in- 
adverfenfly. Fluoroscopy may be exceedingly help¬ 
ful fo guide posifioning. 

Lumbar sympafhefic blocks are used for lower 
exfremify sympfoms. The needle is passed in fhe 
medio-venfral direcfion, foward fhe L-2 verfebra. 
Af 6-cm fo 8-cm depfh, fhe needle should come in 
confacf wifh fhe body of fhe L-2 verfebra. The 
needle is wifhdrawn 1-cm fo 2-cm and reposifioned 
cephalo-laferally, placing if 1 cm laferal fo fhe body 
of fhe L-1 verfebra. This approach reduces fhe risk 
of penefrafion info fhe kidney or psoas sheafh. A 
10-mL fo 15-mL local anesfhefic solufion is injecfed. 
Blind fechnique carries a success rafe of 80%. The 
use of confrasf and fluoroscopic guidance improves 
fhe success rafe fo nearly 100%.^^" 

An adequafe sympafhefic blockade should cause 
a femperafure rise in fhe affecfed limb of 5°C fo 
10°C. A Horner syndrome is a common side effecf 
of a successful sfellafe ganglion block. 

Regional blockade. Posfganglionic sympafhefic 
blockade can also be achieved fhrough regional in- 
fravenous adminisfrafion of sympafholyfic agenfs. 
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Guanethidine infusion was introduced in 1974 by 
Hannington-KifP^^ and remains the gold standard. 
Intravenous administration has not been approved 
in the United States. Alternatives including reser- 
pine and bretylium have also been employed with 
similar results.^*^'^^^ 

Similar results have been achieved with both 
ganglionic and regional blockade. Bonelli et aP^® ob¬ 
served that symptomatic pain relief and evidence 
of sympathetic blockade following intravenous re¬ 
gional guanethidine administration every 4 days for 
a total of 4 blocks was comparable to stellate gan¬ 
glion blocks performed daily for 8 days. The major 
advantage of intravenous regional blockade can be 
seen during treatment of CRPS-Type II in the up¬ 
per extremity. The ease of intravenous administra¬ 
tion easily outweighs the potential hazards of stel¬ 
late ganglion blockade, which include pneumotho¬ 
rax, intravascular injection, and puncture of the 
esophagus. The opposite techniques are more eas¬ 
ily used in the lower extremity. Lumbar sympathetic 
blockade is a relatively easy procedure, while tour¬ 
niquet placement and venous cannulation during 
regional blockade pose problems in the lower ex¬ 
tremity.®^'’ 

Oral Administration 

A single uncontrolled study and an anecdotal 
report®^^ discuss the use of oral sympatholyt¬ 
ic agents in the treatment of causalgia. Ghostine 
administered phenoxybenzamine, a long-acting 
peripheral alphaj-adrenergic blocker, to nerve-in¬ 
jured soldiers with CRPS-Type II during the Leba¬ 
nese civil war. Initial dosing started at 30 mg per 
day in three divided doses (ie, 10 mg tid). The dose 
was increased by 10 mg every 2 days until symp¬ 
tomatic relief was achieved or side effects became 
unbearable. The average dose was 80 mg daily. 
The treatment was continued for 6 weeks in the ma¬ 
jority of patients with excellent, long-lasting re¬ 
sults.®^^ 

Sympathectomy 

In patients who respond to sympathetic block¬ 
ade, but only transiently, and do not tolerate oral 
sympatholytic agents, permanent sympathectomy 
may be considered. Bonica®®*’ suggests that chemi¬ 
cal sympathectomy with 6% aqueous phenol or 50% 
alcohol can ablate sympathetic activity for several 
months. It was suggested that this procedure might 
be better tolerated in older patients than the surgi¬ 
cal procedure. Surgical sympathectomy might be 


tried in younger, healthier patients. Both Bonica®®® 
and Mayfield®®^ warn, however, that sympathecto¬ 
mies rarely provide permanent, long-lasting pain 
relief. If undertaken, they still must be coordinated 
with other methods of pain modulation. 

Pain relief derived from sympathetic blockade 
provides three major benefits in the treatment of 
CRPS-Type IT Aside from direct enhancement of 
patient comfort, it allows the patient to use the af¬ 
fected limb. It also establishes the diagnosis of sym¬ 
pathetically maintained pain, differentiating the 
syndrome from other forms of neuropathic pain. 

Peripheral Treatment 

Injury Management 

Injury to peripheral nociceptors and persistent 
stimulation of nociceptors and mechanoreceptors 
perpetuate the symptom complex. Diagnosis and 
rapid treatment of the inciting injury are paramount 
in the management of CRPS-Type IT 

Pain Control 

The use of pain-modulating agents that act pe¬ 
ripherally has been advocated. While few controlled 
trials have established their effectiveness, empiric 
usage stems from results achieved in the treatment 
of other types of nerve injury. 

Corticosteroid administration was found to be 
highly effective in the Kozin et al study®'*® for pa¬ 
tients meeting his criteria of definite RSDS. A ran¬ 
domized, placebo-controlled study by Christensen 
et al®^® also showed improvement beyond that at¬ 
tained with placebo. Thirty milligrams of pred¬ 
nisone was administered daily in divided doses for 
upwards of 12 weeks. Improvement was noted in 
all patients. 

Nonsteroidal antiinflammatory agents have been 
included in review articles as potentially effective 
agents during the acute stage.®®® No controlled stud¬ 
ies were noted to have been attempted to establish 
efficacy. 

Case reports attesting to pain relief provided by 
topical application of clonidine®®® and capsaicin®®® 
have recently been cited, but lack adequate placebo- 
controlled trials. Oral administration of membrane 
stabilizers such as phenytoin,®®® beta-adrenergic 
blockers including propranolol,®®^gabapentin,®®® and 
calcium charmel blockers have also been reported.®®® 

Transcutaneous electrical nerve stimulation and 
electroacupuncture application have been shown in 
several small uncontrolled trials to be effective in 
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the diminution of CRPS-Type Il-related 
Physical Modalities 

It has been suggested that, ultimately, the great¬ 
est benefit of pain managemenf is fhaf if allows fhe 
pafienf fo parficipafe in fherapies fhaf will restore 
normal funcfion. Edema confrol and fhe resolufion 
of confracfures decrease sfimulafion of peripheral 
mechanorecepfors and nocicepfors. Repefifive con- 
fracfion of muscles during progressive resisfance 
fraining helps fo decrease edema accumulafion and 
reverses osfeoporofic bony changes. Hypesfhesia, 
a common manifesfafion of CRPS-Type II, can be 
effecfively dampened fhrough desensifizafion fech- 
niques. While research examining fhe exacf benefifs 
of physical modalifies has been severely limited, 
fhere is widespread agreemenf fhaf fhey are an in¬ 
tegral parf of fhe freafmenf program.All efforfs 
need fo be made fo encourage use of fhe affecfed 
limb as much as possible. 

Central Treatment 

Descending central-pain-modulating pathways 
provide inhibitory impulses at the level of fhe dor¬ 
sal horn and may provide an elemenf of pain relief. 
The use of drugs including fricyclic anfidepressanfs 
have been recommended despife fhe lack of clini¬ 
cal f rials. 

As wifh ofher chronic pain syndromes, fhe dis- 
fress and anxiefy caused by fhe experience of per- 
sisfenf suffering impairs fhe abilify fo cope nof only 
wifh fhe pain syndrome buf also fhe sfressors of 
day-fo-day life. Intense psychologic supporf is es- 
senfial and all efforfs should be made fo allay fears 
and anxiefies abouf using fhe affecfed limb. Affec- 
five disorders, which may arise secondarily, should 
be monifored closely for defecfion and freafed ap- 
propriafely.^^® 

Case Study 1: Penetrating Injury to the Upper 
Extremity 

The patient is a 46-year-oid army sergeant. In Febru¬ 
ary 1991, he was struck by an artiiiery sheii fragment 
which entered his ieft upper arm, fracturing the humerus 
and severing the brachiai artery. He underwent emergent 
vascuiar reconstructive surgery at the evacuation hospi- 
tai in Saudi Arabia. At the time he was observed to have 
compiete median and radiai nerve injuries of the ieft arm. 
Surgicai ciips were attached to the ends of these nerves, 
marking them for potentiai nerve grafting in the future. 
Open reduction and internai fixation was performed to 
stabiiize the humerai fracture. 


The Physicai Medicine and Rehabiiitation Service was 
consuited on his transfer to Waiter Reed Army Medicai 
Center. Initiai physicai examination of his ieft upper ex¬ 
tremity reveaied marked edema, heaiing surgicai wounds, 
no evidence of infection, and tenderness to paipation. 
Radial pulse was intact. 

His passive shoulder range-of-motion was limited in 
abduction, internal rotation, and external rotation. Elbow 
flexion passively was limited to 70° with a firm endpoint. 
Passive flexion and extension at the wrist, MCP flexion 
and interphalangeal (IP) joint flexion were limited in all 
fingers in the left hand. 

Strength was good in the proximal shoulder girdle 
muscles, poor in elbow flexion, and trace in elbow exten¬ 
sion. Wrist flexion strength was fair with ulnar deviation 
observed at the wrist. Wrist extension and MCP joint ex¬ 
tension in all fingers was zero as was thumb abduction, 
extension, opposition, and IP joint flexion. First dorsal in- 
terosseus muscle strength was graded as poor. Thumb 
abduction was good. Distal IP joint flexion was zero in 
the second digit, trace in the third digit, and fair in the 
fourth and fifth digits. 

Sensation testing to light touch and pinprick revealed 
absent sensation over the palmar and dorsal aspect of 
the thumb and second and third digits. Mild sensory loss 
was also noted in the medial antebrachium. Deep tendon 
reflexes in the left upper extremity were absent. The pa¬ 
tient also complained of severe pain, allodynia, and hy- 
pesthesia in the forearm and hand, exacerbated by pas¬ 
sive motion and light stroking of the hand and forearm. 
The distal extremity was cool and cyanotic when com¬ 
pared to the opposite limb. 

Plain radiographs of the left elbow and humerus re¬ 
vealed exuberant bony callous formation with heterotopic 
ossification and a stable, healing fracture. Electrodiag¬ 
nostic testing 1 month postinjury revealed findings con¬ 
sistent with a severe median nerve injury at the elbow with 
no evoked potentials obtainable. Electrodiagnostic testing 
confirmed that the lesion was at a point proximal to the point 
where the nerve to the flexor carpi radialis arises. Radial 
motor nerve conductions were not obtainable, suggest¬ 
ing severe axonal injury. Radial SNAPs were obtained, 
revealing a decreased amplitude but normal latency. 
Coupled with the clinical finding of absent sensation in 
the radial distribution, the findings suggested mild to 
moderate axonal loss with severe conduction block. It was 
suspected that the focus of injury was likely just distal to 
the branching point of the superficial radial nerve. A par¬ 
tial, moderately severe left ulnar nerve injury with evidence 
of axonal loss was also observed. There was also evi¬ 
dence of a mild brachial plexopathy with spontaneous 
activity in the deltoid and teres minor muscles but with 
full recruitment. In addition, there was marked soft tissue 
injury in the brachial region involving the biceps and tri¬ 
ceps which complicated electrodiagnostic interpretation. 

Triple phase bone scan revealed diffuse increased up¬ 
take in the periarticular regions of the left hand and wrist 
suggestive of CRPS-Type I. In light of his symptoms and 
associated nerve injuries, a diagnosis of CRPS-Type II 
was made. 
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Improving and maintaining adequate functional range- 
of-motion in his left hand and arm required extensive 
therapy, including prolonged stretching by occupational 
therapists and a self-program that the patient followed 
diligently. The humerus fracture stabilization was strong 
enough to allow careful, active, assistive range-of-motion 
at the elbow. Initially, a static dorsal orthosis was fabri¬ 
cated and designed to provide an alternating MCP ex¬ 
tension force and finger flexion force. The patient alter¬ 
nated the flexion and extension every few hours to pro¬ 
vide prolonged stretch to the MCP and IP finger joints. His 
range-of-motion in the wrist and hand improved enough to 
allow fabrication of a functional dynamic orthosis. 

Edema of the hand and forearm was treated initially 
with pneumatic compression followed by the application 
of a pressure garment sleeve and glove. Centripetal mas¬ 
sage and wrapping were also employed. Significant im¬ 
provement occurred over the course of several weeks. 

Muscles not completely denervated—the ulnar inner¬ 
vated muscles, the triceps, the biceps, and the proximal 
arm and shoulder muscles—were exercised with active 
assistive, then active resistive exercises. The ulnar inner¬ 
vated muscles (interossei) improved markedly to a level 
of good (4/5). Good strength in wrist flexion, and good 
distal IP joint flexion of the fourth and fifth fingers was 
obtained. Elbow flexion and extension strength had im¬ 
proved to a level of good. Active pronation and supina¬ 
tion remained zero. Metacarpophalangeal joint flexion 
strength in the second through fifth fingers improved to a 
good level. The proximal shoulder muscle strength im¬ 
proved to normal. 

Pain management included administration of the 
NSAID Naprosyn, as well as the tricyclic antidepressant 
amitriptyline. The latter was stopped because of anticho¬ 
linergic side effects. Doxepin was administered as an al¬ 
ternative. Conventional TENS was applied to the proxi¬ 
mal aspect of the forearm, providing moderate pain re¬ 
lief. Desensitization, employing progressively harsh tex¬ 
tures and vibration, helped to decrease the allodynic and 
hypesthetic sensations. These treatments in conjunction 
with reduction in edema and soft tissue contractures de¬ 
creased the patient’s pain to a tolerable level, allowing 
him to sleep soundly and perform daily tasks. 

Sensory reeducation techniques were instituted to en¬ 
hance the patient’s dexterity and sensory discrimination 
in the ulnar distribution. 

A dynamic wrist-hand orthosis was fabricated to pro¬ 
vide stabilization and dynamic substitution for movements 
lost secondary to the multiple nerve injuries. The base 
orthosis consisted of a dorsal orthoplast plate covering 
two thirds of the dorsal aspect of the forearm. Wrist ex¬ 
tension was achieved through the placement of a hinge 
at the wrist. Elastic bands provided dynamic extension 
assistance while allowing for active flexion, driven by the 
flexor carpi ulnaris. Extension assists were also incorpo¬ 
rated, providing dynamic MCP extension for the second 
through fifth fingers. The extension assists consisted of 
finger loops attached by nylon cords which ran through 
eyelets at the distal end of the orthosis. The cords were 



Fig 9-43. Profile view of dynamic wrist-hand orthosis that 
provides stability and dynamic assistance for the upper 
extremity of a patient who sustained complete radial and 
median nerve injuries and a partial ulnar nerve injury. 


attached to elastic bands, which were attached to the 
orthosis with Velcro, allowing for changes in desired ten¬ 
sion. A coupling device yoked the second and third fin¬ 
gers, which allowed the third finger to power a three- 
chuck-jaw grasp. A small hook was attached to the cou¬ 
pler, which was connected to the main dorsal orthosis to 
provide dynamic extension assistance. A removable 
sleeve was fabricated to stabilize the thumb. It also was 
attached to the base orthosis by elastic bands and pro¬ 
vided dynamic abduction and opposition. A volar plate 
provided the base to which the elastic thumb abduction 
assist was attached (Figures 9-43 and 9-44). 

Extensive patient education and training were required 
to optimize the patient’s hand function with the orthosis. 



Fig 9-44. Palmar view of the orthosis, c: Coupling device 
yoking the second and third fingers, d: Thumb stabiliz¬ 
ing sleeve, g: Elastic band providing dynamic thumb ab¬ 
duction and opposition, h: Volar plate providing base for 
dynamic thumb assist. 
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Routine skin inspection was essentiai to evaiuate insen¬ 
sate skin for breakdown. The patient was abie to grasp 
objects and use the orthosis to compiete tasks requiring 
two hands, which he was unabie to do without the orthosis. 

Six months foliowing his injury, the patient underwent 
interpositional sural nerve grafting of both the left me¬ 
dian and radial nerves. At 2 years following the injury, 
there was no evidence of return of function or sensation 
in the distributions of the grafted nerves. During this pe¬ 
riod, however, the patient continued to use the orthosis 
while at work and during recreational activities. His pain 
had subsided and strength in the ulnar distribution had 
improved to normal levels. With this improvement in 
strength it was felt that tendon transfers could now be 
undertaken to improve the stability of the wrist and im¬ 
prove his function. 

Transfer of the flexor carpi ulnaris tendon to the exten¬ 
sor digitorum communis and the extensor pollicis longus 
tendons provided finger and thumb extension. Next, the 
flexor digitorum profundus III tendon was transferred to 
the flexor digitorum profundus II tendon to improve index 
finger flexion. The thumb was stabilized by fusion of the 
IP joint. Wrist stabilization was achieved by performing 
an extensor carpi radialis brevis tenodesis. 

Further therapy, including maintenance of range-of-mo- 
tion, strengthening, and muscle reeducation, was neces¬ 
sary following surgery. The patient is currently functional 
using the left upper extremity. 

Case Study 2: Penetrating Injury to the Lower 
Extremity 

The patient is a 20-year-old army specialist. In Octo¬ 
ber 1993, he was struck in the left popliteal region by frag¬ 
ments after his vehicle was hit by a rocket-propelled gre¬ 
nade. The patient was hemodynamically stabilized in So¬ 
malia and transferred to Landstuhl Army Medical Center 
in Germany. Surgical debridement of burned and necrotic 
tissue was undertaken and a split-thickness skin graft was 
placed to cover the popliteal region. The patient was then 
transferred to Walter Reed Army Medical Center for fur¬ 
ther evaluation and treatment. Upon arrival he was ob¬ 
served to have an ongoing soft-tissue infection and ne¬ 
crosis of the skin graft. The area was sharply debrided. 
The posterior tibial nerve was burned and contused (Fig¬ 
ure 9-45). The common peroneal nerve was avulsed from 
the sciatic nerve at the bifurcation. The anterior tibial ar¬ 
tery was ligated and the popliteal artery was observed to 
be in continuity but greatly inflamed. Five days later, the 
patient underwent a left latissimus dorsi free muscle flap to 
the left popliteal fossa with split-thickness skin grafting. 

The Physical Medicine and Rehabilitation Service was 
consulted upon the patient’s transfer to Walter Reed Army 
Medical Center. Initial physical examination of his left lower 
extremity, 10 days following surgery, revealed partial thick¬ 
ness burns to the distal medial aspect of the thigh. A14 x 
6 X 16-cm latissimus dorsi musculocutaneous flap cover¬ 
ing the popliteal region was intact, edematous but heal¬ 
ing well. Capillary refill at the toes was brisk. 



Fig 9-45. Surgical debridement of popliteal region fol¬ 
lowing penetrating and burn injury. The tibial nerve is 
exposed and observed to be badly burned and contused. 
Photograph courtesy of LTC Gregory A. Antoine, M.D., 
Plastic and Reconstructive Surgery Service, Walter Reed 
Army Medical Center, Washington, DC. 


Passive range-of-motion at the hip was limited to 90°. 
Knee flexion was limited to 30°. Knee extension was lim¬ 
ited actively by 15° and could not be tested passively be¬ 
cause of the recent graft placement. Passive ankle dorsi- 
flexion was limited to neutral. 

Strength was good in the proximal hip girdle with the 
exception of hip extension, which was fair. Knee flexion 
and extension were fair and significantly limited by pain. 
No active movement could be observed in ankle dorsi- 
flexion, plantarflexion, inversion, eversion, or toe move¬ 
ment in any direction. 

Sensation testing to light touch and pinprick revealed 
absent sensation along the lateral aspect of the leg, ex¬ 
tending from just lateral to the crest of the tibia, posteri¬ 
orly to the medial third of the posterior aspect of the calf. 
Sensation was also absent over the entire foot. The find¬ 
ings suggested loss of sensation in the sural, superficial 
peroneal, deep peroneal, and plantar nerves with sen¬ 
sory sparing in the saphenous nerve distribution (Figure 
9-46). Deep tendon reflexes could not be tested at the 
left patellar tendon and were absent at the left Achilles ten¬ 
don. The patient also complained of pain not only in the 
operative site but described a lancinating pain shooting 
down the back of the thigh and into the toes. He also de¬ 
scribed a burning, aching sensation in the anesthetic re¬ 
gion of the left foot, which felt as though a vise was around 
his ankle, and his toes were in a contorted posture. 

Plane radiographs of the entire left lower extremity re¬ 
vealed no evidence of fractures or joint dislocations. Ar¬ 
teriogram of the left lower extremity revealed no evidence 
of vascular injury. 

Electrodiagnostic testing performed 6 weeks after the 
injury revealed findings consistent with severe common 
peroneal and tibial nerve injuries. Evoked potentials could 
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Fig 9-46. a: Anterolateral view, b: Sole of the foot, c: Posterolateral view. Demarcation of sensory loss following injury 
to the left common peroneal and tibial nerves. Absence of sensation was observed along the sural, superficial pero¬ 
neal, deep peroneal, and tibial plantar nerves. Sensation in the saphenous nerve distribution was intact. 



Fig 9-47. Electromyographic display of posi¬ 
tive wave potentials observed during assess¬ 
ment for spontaneous activity. Examination 
was of the left medial gastrocnemius muscle. 
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Fig 9-48. Electromyographic display of both 
positive sharp wave and fibrillation poten¬ 
tials observed during assessment for spon¬ 
taneous activity. Examination was of the left 
tibialis anterior muscle. 
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Fig 9-49. An example of contrast baths that are used to 
produce hyperemia and to decrease hypersensitivity to 
hot or cold temperatures. The hot bath is maintained be¬ 
tween 40“C and The cold bath temperature ranges 
between 15°C and 20°C. Immersion protocols include hot 
bath for 10 minutes, cold bath for 1 minute followed by 
cycles of 4-minute hot baths alternating with 1-minute 
cold baths. This is continued for a full 30-minute session. 
Adapted with permission from Lehmann JF, deLateur BJ. 
Diathermy and superficial heat, laser and cold therapy. 
In: Kottke FJ, Lehmann JF, eds. Krusen's Handbook of Physi¬ 
cal Medicine and Rehabilitation. 4th ed. Philadelphia, Pa: 
WB Saunders; 1990: 283-367. 


not be obtained during near nerve stimuiation proximai 
and distai to the site of injury. Saphenous sensory con¬ 
duction was normai. Eiectromyography reveaied evidence 
of severe, ongoing denervation in muscies of the caif and 
foot innervated by the superficiai peroneai, deep pero- 
neai, and tibiai nerves (Figure 9-47 and 9-48). More proxi¬ 
mai evaiuation suggested the focus of injury to be distai 
to the branch to the short head of the biceps femoris 
muscie. There was no evidence to suggest a concomitant 
piexus or root injury. 

Pain management became the major issue foliowing 
surgery. Trials of ketorolac and meperidine postoperatively 
did not adequately relieve the patient’s pain. The pain pre¬ 
cluded his ability to transfer out of the bed, to ambulate 
or to attempt ADLs. It was recommended that amitriptyline 
be started, titrating from 25 to 150 mg every night. This 
was later changed to trazadone 100 mg nightly because 
of anticholinergic side effects. It was also suggested that 
Demerol be stopped because of its potential for provok¬ 
ing seizures, and a long-acting morphine sulfate agent to 
be started at 30 mg twice daily (bid). The patient contin¬ 
ued to complain of lancinating pain. The long acting mor¬ 
phine sulfate was increased to 30 mg tid. The NSAID 
Naprosyn at 500 mg bid was added, as was carbamazepine 
at a dose titrated up to 200 mg tid, which significantly 
improved the patient’s lancinating pain. The patient was 
switched to Methadone and gradually weaned off all nar¬ 
cotics over a several-week period without a decrease in 
pain control. Conventional TENS was applied to the proxi¬ 
mal aspect of the thigh, which provided only minimal re¬ 
lief and was subsequently stopped. Desensitization tech¬ 
niques including progressive textures and vibration, and 
contrast baths helped to decrease the abnormal percep¬ 
tion of his toes and ankle (Figure 9-49). Better control of 
neuropathic and deafferentation pain allowed the patient 
to participate more aggressively in his therapies. 

A plastic molded ankle-foot orthosis was fabricated to 
provide ankle stabilization and to simulate dorsiflexion and 
plantar flexion. Trim lines were brought anteriorly to pro¬ 
vide mediolateral stability. Medial arch support and lat¬ 
eral flare were built into the foot plate to help stabilize 
and support the foot. The foot plate was extended to just 
distal to the metatarsal heads to prevent collapse of the 


mid-foot and simulate pushoff at the end of the stance 
phase. The ankle was set in 5° of plantarflexion, which 
allowed for adequate toe clearance during the swing 
phase. It also allowed for the most normal forces to be 
generated at the knee during the stance phase, averting 
hyperextension or a destabilizing knee flexion moment 
(Figure 9-50). Extensive gait training was required to op¬ 
timize the patient’s ability to ambulate with the orthosis. 
Scrupulous skin monitoring was necessary and taught to 
the patient, as his protective sensation was limited to the 
saphenous distribution. 

After the patient was cleared from the plastic surgery 
service, active assistive and passive range-of-motion ex- 



Fig 9-50. Left copolymer, custom molded ankle foot 
orthosis. The trim lines at the ankle are reinforced, pro¬ 
viding mediolateral stability. The ankle is set in 5° 
platarflexion, allowing toe clearance and knee stability. 
The foot plate is extended just distal to the metatarsal 
heads to provide simulated pushoff at the end of the 
stance phase in the gait cycle. 
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ercises were instituted. Moist heat application around the 
left knee was used in conjunction with slow, prolonged 
stretching. By 10 weeks following his injury, the patient 
had regained full passive range-of-motion at the knee, 
hip, and ankle. Active assistive stretching of the shoulder 
flexors and external rotators was also done to maintain 
full mobility following harvesting of the latissimus dorsi 
musculocutaneous flap. 

Edema of the lower extremity was treated with cen¬ 
tripetal massage and wrapping. Resolution of swelling oc¬ 
curred over the course of several weeks. Compression 
garments were fabricated not only to maintain edema 
control but also to decrease hypertrophic scarring which 
developed in burned regions of the leg. 

Progressive resistive exercises of all muscles in the 
lower extremity with strength of at least fair (3/5) led to 
marked improvement in strength. By 3 months postinjury 
the patient had regained normal strength about the hip 
girdle and knee. 

UPPER EXTREMITY NERVE INJURIES 
Brachial Plexopathies 
Anatomic Considerations 

Brachial plexopathies are defined as nerve lesions 
involving any part of the peripheral nervous sys¬ 
tem distal to the nerve root and proximal to the 
main nerve branches. Thus, brachial plexopathy 
refers to postganglionic nerve pathology. The nerve 
lesion in brachial plexopathies occurs distal to the 
cell bodies of both the motor and sensory nerve fi¬ 
bers. 

The fifth and sixth cervical nerve roots unite be¬ 
tween the scalenus medius and scalenus anterior 
to form the upper trunk of the brachial plexus. The 
seventh cervical nerve root courses behind the lat¬ 
eral margin of the scalenus anterior to form the 
middle trunk. The eighth cervical and first thoracic 
nerve roots unite behind Sibson's fascia with the 
neck of the first rib between the two spinal nerves. 
Together they form the lower trunk, which emerges 
lateral to the fascia (Figure 9-51). 

The upper, middle, and lower trunks divide into 
anterior and posterior divisions lateral to the first 
rib. The anterior divisions of the upper and middle 
trunk form the lateral cord and the posterior divi¬ 
sions form the posterior cord. The anterior division 
of the lower trunk forms the medial cord. 

The cords then divide into their respective ter¬ 
minal branches. The lateral cord divides into the 
musculocutaneous nerve and the lateral head of the 
median nerve. The medial cord divides into the ul¬ 
nar nerve and medial head of the median nerve. The 


General aerobic training, including cycle ergometry and 
swimming, improved the patient’s endurance to a level at 
which he could maintain activity at 70% of his calculated 
maximum heart rate for 45 to 60 minutes. 

The patient was reevaluated by the plastic surgery and 
orthopedic surgery services 4 months following injury. 
It was suggested that attempts at nerve grafting would 
not likely be beneficial and were not attempted. The 
possibility of triple arthrodesis to stabilize the ankle was 
entertained. The procedure was deferred by the patient 
who expressed that he was not limited functionally at the 
time, was experiencing only minimal discomfort in anes¬ 
thetic regions, and was fully functional using the ankle 
foot orthosis. 

Five months following the injury, the patient was fully 
independent and had been taken off all medication with 
the exception of trazadone, which helped relieve his deaf- 
ferentation pain experienced in the evenings, allowing him 
to sleep soundly. 

AND ENTRAPMENT SYNDROMES 

posterior cord separates into the radial and axillary 
nerves. The long thoracic, subclavius, and dorsal 
scapular nerves branch off directly from the cervi¬ 
cal nerve roots. 

The long thoracic nerve is derived from nerve 
fiber contributions from the fifth, sixth, and seventh 
cervical nerve roots and innervates the serratus 
anterior muscle. The subclavius nerve arises from 
the fifth and sixth cervical nerve roots to serve the 
subclavius muscle. The dorsal scapular nerve is a 
branch of the fifth cervical nerve root and inner¬ 
vates both the rhomboids and the levator scapulae 
muscles. 

The suprascapular nerve is the sole motor nerve 
branch emerging from the upper trunk shortly af¬ 
ter its formation. It innervates the supraspinatus 
and infraspinatus muscles. 

The subscapular, thoracodorsal, lateral pectoral, 
medial pectoral, and medial cutaneous nerves of the 
arm and forearm emerge from the cords of the bra¬ 
chial plexus. The subscapular nerve branches off the 
posterior cord to innervate the subscapularis and 
teres major. The thoracodorsal nerve also divides 
from the posterior cord to serve the latissimus dorsi 
muscle. The lateral pectoral nerve, a branch of the 
lateral cord, innervates portions of the pectoralis 
major and minor muscles. The medial pectoral 
nerve is a branch off the medial cord. It also con¬ 
tributes nerve fibers to the pectorals major and mi¬ 
nor muscles. The medial cutaneous nerves of the 
arm and forearm are derived from the medial cord 
and innervate the medial arm and forearm, respec¬ 
tively. 
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Fig. 9-51. The brachial plexus. Adapted with 
permission from Liveson JA. Peripheral Neu¬ 
rology: Case Studies in Electrodiagnosis. 2nd ed. 
Philadelphia, Pa: FA Davis Co; 1991: 40. 
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Etiology 

Numerous clinical conditions are associated with 
plexopathies with an equally wide range of clinical 
presentations. These clinical conditions include ar¬ 
teriovenous fistula,^®® postradiation therapy, 
postmedian sternotomy,^““^®^ Parsonage-Turner syn¬ 
drome, polyarteritis nodosa,viral infections 
(mononucleosis^^® and parvovirus®®®), herpes 
zoster,®^® trauma,superior sulcus tumors,®^® and 
coagulopathies.®^^ 

Brachial plexus injuries may occur at any level 
and involve a variable degree of fhe plexus. The ma- 
jorify of lesions, in facf, are nof uniform and vari¬ 
ous degrees of nerve damage fypically coexisf as a 
resulf of an injury.® 

Brachial plexus injuries may be fhe resulf of 
wounds from knives and ofher penefrafing objecfs, 
lacerafions, bullef wounds, and shell fragmenfs. The 
supraclavicular aspecf of fhe brachial plexus is more 
prone fo fhe laffer injuries resulfing in primary in- 
sulf fo fhe upper and middle aspecf of fhe plexus. 
Lower plexus lesions may concomifanfly involve 
insulf fo fhe lungs or greaf vessels. Thus, individu¬ 
als wifh injury fo fhis porfion of fhe plexus are af 
significanfly greafer risk of susfaining a fafal 
wound. 

Inferesfingly, fhe brachial plexus remains in con- 
finuify in a large percenfage of open brachial plexus 
missile and shell fragmenf wounds.® Nelson ef al®^® 
reporfed on nine cases during fhe Viefnam War in 
which pafienfs susfained brachial plexus injury sec¬ 


ondary fo severe missile wounds of fhe chesf. They 
found fhaf all of fhese pafienfs subsequenfly 
had rapid, sponfaneous recovery of fheir plexus 
injury. If should be nofed, however, fhaf more se¬ 
vere injuries fo fhe plexus may likely have been 
associafed wifh significanf vascular injuries. Dis- 
rupfion of fhe subclavian or axillary arferies in a 
combaf selling likely would end in exsanguinafion. 
Thus, fhe aufhors may have observed only less se¬ 
vere injuries. 

Brachial plexus injury can occur as a resulf of 
operafive infervenfion due fo improper refracfion 
or inadverfenf fransecfion, clamping, or ligafion of 
nerves. For example, median sfernofomy performed 
as parf of infracardiac surgery may damage fhe bra¬ 
chial plexus.®^® If may be iafrogenically induced by 
axillary puncfure performed for arferiography as 
well.®^^'®^® Closed brachial plexus lesions may resulf 
from direcf blows or prolonged, excessive pressure 
applied fo fhe supraclavicular region. If mosf com¬ 
monly occurs, however, as a secondary complica- 
fion. Thus, fhe plexus can be lacerafed by fhe edge 
of a fracfured bone; by a sharp bone fragmenf; or 
from compression by dislocafed or fracfured bone, 
aneurysm, or hematoma.® 

Brachial plexus injury has been documenfed in a 
variefy of sporfs acfivifies. Upper frunk damage, 
for example, has been recorded in hockey and la¬ 
crosse due fo severe blows direcfed af fhe angle 
befween fhe neck and shoulder.®^® A rifle's recoil has 
been reporfed fo cause plexus injury by pressing 
fhe clavicle againsf fhe upper frunk.®®° Rucksack 
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palsy occurs as a result of upper trunk injury from 
direct downward pressure on the plexus or by trap¬ 
ping the plexus between the clavicle and the deeper 
structures, or both.^®^ Traction injuries most com¬ 
monly involve the upper plexus. Wynn Parry^®^ re¬ 
viewed multiple brachial plexopathies attributable 
to traction injury. He discovered that the upper 
plexus was 10 times more frequently injured vs the 
lower plexus. He also found that the great majority 
of injuries in his series were due to motorcycle ac¬ 
cidents, followed by car accidents. 

Clinical Presentation 

Upper trunk injuries generally result in charac¬ 
teristic deficits. In complete lesions, the arm hangs 
at the side in an adducted and internally rotat¬ 
ed posture. Atrophy is evident in the shoulder ab¬ 
ductors, external rotators, and extensors. It is also 
found in the forearm flexors and supinators. Elbow 
extension and forearm pronation, as well as wrist 
and finger flexion strength are essentially pre¬ 
served. Sensation to light touch and pinprick is 
generally diminished on the outer aspect of the arm 
and forearm, extending to the radial side of the 
hand. 

Middle trunk damage occurs only infrequently 
as an isolated injury. Insult to the middle trunk will 
result in decreased elbow extension, as well as wrist 
and long-finger extensor weakness. Sensory defi¬ 
cits occur in the distribution of the C-7 nerve root. 

Lower trunk injuries result in atrophy and weak¬ 
ness of the intrinsic muscles of the hand, and less 
prominent atrophy of the forearm flexor region as 
well. Sensory impairment is manifested by dimin¬ 
ished cutaneous sensation from the medial aspect 
of the arm at a point just about the elbow extend¬ 
ing to the ulnar aspect of the hand and little and 
ring fingers. In severe injuries, a complete plexus 
injury or panbrachial plexopathy may occur. In this 
case the patient presents with complete flaccid pa¬ 
ralysis and diffuse loss or impaired sensation of the 
involved extremity. The patient may also have an 
ipsilateral Horner's sign consistent with compro¬ 
mise of the sympathetic ganglion at the C-8, T-1 
level, as well as vasotrophic changes, particularly 
involving the distal aspect of the limb. 

Injury to Nerve Branches of the Brachial Plexus 

Long Thoracic Nerve 

Nerve branches of the brachial plexus may be 
selectively injured. The long thoracic nerve may be 



Fig. 9-52. The long thoracic nerve with motor nerve con¬ 
duction electrode placement. Adapted with permission 
from Ma DM, Liveson JA. Nerve Conduction Handbook. 
Philadelphia, Pa: FA Davis Co; 1985: 48. 


damaged by electric shock and trauma, or it may 
occur as an idiopathic phenomenon (Figure 9- 
^ 2 ) 383,384 Long thoracic nerve palsy has been docu¬ 
mented to occur in temporal relationship to serum 
and vaccine injections. 

Suprascapular Nerve 

Rarely, the suprascapular nerve is entrapped in 
the suprascapular notch(Figure 9-53).^®^“^®° The su¬ 
prascapular nerve may be entrapped at the level of 
the spinoglenoid notch, resulting in isolated weak¬ 
ness of the infraspinatus muscle.It may be spe¬ 
cifically injured secondary to compression by gan¬ 
glia at the spinoglenoid notch. 

Medial Antebrachial Cutaneous Nerve 

The medial antebrachial nerve injury has oc¬ 
curred as a complication of surgical repair of a cu¬ 
bital tunnel syndrome.It also may be damaged 
as a consequence of a stretch injury (Figure 9-54).^®® 
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Fig. 9-53. The suprascapular nerve with electrode place¬ 
ment for motor nerve conduction studies. Adapted with 
permission from Ma DM, Liveson JA. Nerve Conduction 
Handbook. Philadelphia, Pa: FA Davis Co; 1985: 55. 




Fig. 9-55. The axillary nerve with electrode placement 
for motor nerve conduction studies. Adapted with per¬ 
mission from Ma DM, Liveson JA. Nerve Conduction Hand¬ 
book. Philadelphia, Pa: FA Davis Co; 1985: 68. 


Axillary Nerve 

Isolated axillary nerve injury may occur follow¬ 
ing humeral head fractures, posterior dislocations 
or manipulations (Figure 9-55).^®*’'^®^It may also oc¬ 
cur after intramuscular injection into the posterior 
shoulder area.^®® Shoulder dislocation may also 
cause injury to the posterior cord, resulting in weak¬ 
ness in muscles innervated by the axillary and ra¬ 
dial nerves (Figure 9-56).^®® 

The axillary,^™ long thoracic,®^ and musculocu¬ 
taneous nerves®^ may be injured secondary to sur¬ 
gical positioning or as a complication of obstetrical 
deliveries. 

Musculocutaneous Nerve 

The musculocutaneous nerve may be lacerated 
as a complication of a midshaft humeral fracture'*” 
or entrapped by the biceps aponeurosis and tendon 
at the level of the elbow during exercise activities.^” 

Electrodiagnosis of Brachial Plexopathy 


Fig. 9-54. The medial antebrachial cutaneous nerve with 
electrode placement for sensory nerve conduction studies. 
Adapted with permission from Ma DM, Liveson JA. Nerve 
Conduction Handbook. Philadelphia, Pa: FA Davis Co; 
1985:147. 


One of the most important challenges an electro- 
myographer encounters in evaluation of a brachial 
plexopathy is to distinguish between pre- and post¬ 
ganglionic lesions. In isolated preganglionic lesions. 
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Fig. 9-56. Axillary view of posterior dislocation of the 
humeral head, which may be associated with injuries of 
the axillary nerve and posterior cord of the brachial plexus. 
Radiograph courtesy of MAJ Aron M. Judkiewicz, M.D., 
Department of Radiology, Walter Reed Army Medical 
Center. Washington, DC. 


corresponding sensory NCSs are normal. In post¬ 
ganglionic nerve insult, however, pertinent SNAPs 
are either significantly reduced in amplitude or 
absent. This phenomenon occurs as a result of proxi¬ 
mal axonal injury wifh resulfing axonal degenera- 
fion disfal fo fhe sife of insulf. 

If is imporfanf fo recognize fhaf SNAP ampli- 
fudes will nof be abnormal for af leasf fhe firsf 3 fo 
5 days following proximal posfganglionic nerve 
insulf and may confinue fo conducf impulses for 
up fo 2 weeks. If is also significanf fhaf femporal 
dispersion of fhe SNAP is nof characferisfic of mosf 
plexopafhies, assuming fhere is nof a concomifanf 
sysfemic disorder or underlying polyneuropafhy or 
bofh, or an isolafed peripheral enfrapmenf neuropa- 
fhy. Sensory NCSs may provide valuable clues re¬ 
garding fhe presence of a posfganglionic brachial 
plexopafhy, buf are limifed by fhe facf fhaf sensory 
nerve sfudies may nof be available for fhe suspecfed 
level of brachial plexus pafhology. In addifion, if is 
recognized fhaf needle elecfrode evaluafion is more 
sensifive in defecfing and localizing nerve pafhol¬ 
ogy fhan sensory NCSs. 

Axonofmesis appears fo be fhe mosf frequenf 
pafhological process associafed wifh plexopa¬ 
fhies.Conducfion abnormalifies occurring in 
plexopafhies include proximal focal slowing or con¬ 
ducfion block, or bofh. Disfal mofor and sensory 
conducfion velocifies are nof usually significanfly 
affecfed in fhe presence of incomplefe proximal in¬ 
jury, alfhough slighfly decreased conducfion veloci¬ 
fies may be recorded. 


Thoracic Outlet Syndrome 
Anatomic Considerations 

The thoracic outlet syndrome (TOS) typically in¬ 
volves the lower trunk of fhe brachial plexus and 
may be secondary fo neurologic or vascular disfur- 
bance, or bofh. If may, on occasion, affecf fhe middle 
frunk as well. If has been described in various ferms 
based on fhe proposed sife and mechanism of pre¬ 
sumed compression injury. These include compres¬ 
sion secondary fo cervical rib anomaly'^’*’ and scalene 
anficus,'*”^ cosfoclavicular,“® and hyperabducfion 
syndromes.^”® 

Three classificafions of TOS are currenfly recog- 
nized"": 

1. True, classic, or neurogenic TOS wifh ob- 
jecfive neurologic impairmenf. 

2. Dispufed or sympfomafic TOS wifh eva- 
nescenf neurogenic sympfoms and normal 
physical exam. 

3. TOS secondary fo vascular compression. 

True neurogenic TOS is rare.^^^ Neurologic im¬ 
pairmenf as a resulf of lower brachial plexus injury 
is fell fo occur pofenfially af several sifes®: 

• posferior border of Sibson's fascia; 

• crescenfic fendinous fibers of fhe scalenus 
medius and scalenus anferior muscle; 

• befween fhe narrow fendinous angle be- 
fween fhe scalenus medius and scalenus 
minimis, or befween fhe scalenus medius 
and scalenus anferior muscles; 

• sharp fendinous posferior border of fhe 
scalenus anferior muscle; 

• abnormal rib or ligamenfous exfensions 
associafed wifh fhe rib; 

• bony prominence on fhe firsf rib; 

• befween fhe clavicle and a normal or ab¬ 
normal rib; and 

• befween fhe aneurysm of fhe subclavian 
arfery and underlying sfrucfures. 

Etiology 

The fundamenfal cause of TOS appears fo be due 
fo infermiffenf or chronic compression injury. This 
may occur from malalignmenf of normal sfrucfures, 
or may be secondary fo an anomalous fibrous band. 
This band may affach fo a cervical rib, buf has also 
been nofed fo affach fo fhe firsf fhoracic rib or ofher 
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osseous structures. The anterior scalene syndrome 
is felt to result from lower plexus compression in¬ 
jury befween fhe anferior and medial scalene 
muscles. This appears fo be a parficular problem 
for compefifive swimmers in whom bofh scalene 
muscle hyperfrophy and repefifive arm acfion pre¬ 
dispose fhe afhlefe fo plexus injury.The costoclav¬ 
icular syndrome implies lower plexus injury sec¬ 
ondary fo compression injury by fhe ribs or clavicle 
or bofh. An addifional "subsyndrome" is fhe pec- 
foralis minor syndrome, which is defined as plexus 
injury as if enfers fhe axilla befween fhe upper ribs 
and fhe pecforalis minor muscle. This subsef of TOS 
is also fell fo be precipifafed or exacerbafed by re¬ 
pefifive arm acfivify in fhe presence of pecforalis 
minor hyperfrophy. 

Clinical Presentation 

The acfual frequency of TOS is unknown. Early 
reporfs of TOS may nof have been lower frunk com¬ 
pression injury buf CTS or cervical radiculopafhy 
insfead.®'^'^ 

The signs and sympfoms of TOS are offen vague. 
Physical examinafion findings are fypically poorly 
defined, buf if should be in fhe differenfial diagno¬ 
sis in pafienfs presenfing wifh obscure upper ex- 
fremify pain and numbness, along wifh weakness 
and afrophy of hand infrinsic muscles (Table 9-14). 

Musicians, parficularly flufisfs and violinisfs, are 
felf fo be af parficular risk for developing TOS.^^'*'*^® 
There is a significanfly greafer incidence of TOS 
in females. The rafio is 9:1 for neurogenic TOS. 
Posfure may play a role in fhis female predilecfion 
since drooping shoulders are more common in 
women.True neurogenic TOS offen inifially 
presenfs wifh paresfhesias, which may be followed 
by persisfenf pain along wifh developmenf of weak¬ 
ness and muscle afrophy. The disfribufion of signs 
and sympfoms generally follow fhe disfribufion of 
fhe medial cufaneous nerve of fhe forearm and fhe 
ulnar nerve. Pain is described as a poorly localized 
aching discomforf buf may af fimes affecf fhe whole 
arm. The pain is usually exacerbafed wifh repefi¬ 
five or heavy liffing or prolonged playing of se- 
lecfed musical insfrumenfs. There is usually an ac¬ 
companying sensory deficif in fhe areas innervafed 
by fhe medial cufaneous nerve of fhe forearm and 
fhe ulnar nerve. 

The physical exam in TOS may offer few objec- 
five clues. The Adson maneuver, consisfing of ipsi- 
laferal shoulder abducfion and exfernal rofafion 
along wifh scapular refracfion and neck rofafion 
while moniforing for a decrease in fhe radial pulse. 


TABLE 9-14 

MASQUERADERS OE THORACIC OUTLET 


SYNDROME 


Pathology 

Conditions 

Neurologic 

Multiple Sclerosis 

Parsonage Turner syndrome 

Traumatic brachial plexopathy 

Brachial plexopathy associated with 
Pancoast tumor 

Carpal tunnel syndrome 

Ulnar neuropathy 

Complex region pain syndrome 

Intramedullary 

Syringomyelia 

Spinal cord infarction 

Gliomas 

Extramedullary 

Neurofibromas 

Meningiomas 

Cervical spondylosis 

Herniated cervical intervertebral disk 

Vascular 

Atherosclerosis 

Systemic lupus erythematosus 

Aortic dissection 


is felf fo be an unreliable fesf, especially for neuro¬ 
genic TOS.«" 

A variefy of condifions and pressure from vari¬ 
ous soff fissue masses pofenfially mimic TOS and 
may need fo be excluded. These include inframed¬ 
ullary and exframedullary disease processes as well 
as pafhologies which may cause vascular insuffi¬ 
ciency (see Table 9-14). 

Electrodiagnosis 

Nerve conducfion sfudies have limifed useful¬ 
ness in idenfifying TOS. They are mosf helpful in 
excluding ofher condifions, parficularly CTS and 
ulnar neuropafhy. Sensifive nerve conducfion find¬ 
ings supporfive of a diagnosis of TOS include de¬ 
creased ulnar SNAP amplifude af fhe wrisf and 
decreased mixed nerve pofenfial amplifude af fhe 
elbow. This drop in amplifude is affribufable fo ax¬ 
onal injury specifically affecfing nerves af fhe level 
of fhe brachial plexus, which are desfined fo emerge 
as ulnar sensory fibers.Ofher sfudies^'^'''^® have 
indicafed fhaf pafienfs wifh TOS may show de- 
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creased median CMAP along with a decreased ul¬ 
nar SNAP amplitude. The latter nerve conduction 
findings are currently felt to be the most sensitive 
criteria for neurologic TOS. 

Proximal NCSs from Erb's poinf fo an ulnar in- 
nervafed muscle may have some merif if delayed 
conducfion can be documenfed.'*^^'^” Some au- 
fhors/^°'^^^ however, have nof documenfed any ab- 
normalify wifh NCSs. If is nof always clear whefher 
fhe acfual lesion is below, af, or above fhis sife of 
sfimulafion. Furfhermore, supramaximal sfimula- 
fion is required fhaf may resulf in sfimulafion of 
fhe nerve disfal fo fhe infended sife, and fhere is 
significanf pofenfial for error when measuring from 
sife of sfimulafion fo fhe acfive elecfrode. 

C-8 nerve roof simulafion, which has fhe advan- 
fage of definife sfimulafion proximal fo Erb's poinf, 
has been advocafed.'^^^ However, fhis fechnique is 
primarily useful in idenfifying focal demyelinafion 
injury, which is nof characferisfic of TOS. Nerve roof 
sfimulafion is nof currenfly an esfablished fech¬ 
nique for confirming TOS.^^^ Weber and Kahn sug- 
gesf fhaf ulnar F-waves may be an effecfive way of 
sfudying conducfion across fhe fhoracic ouflef.'*^^ 
Dawson and colleagues'*^^ acknowledge fhaf fhere 
may be prolonged F-wave lafencies in unambigu¬ 
ous TOS, buf feel fhis slowing is nof a sensifive mea- 
suremenf for fhis syndrome. Elecfromyographic 
sfudies may be helpful in confirming fhe presence 
of chronic denervafion acfivify in fhe fhenar and 
hypofhenar muscles. 

Treatment 

A number of nonsurgical measures have been 
advocafed fo freaf TOS. Arm resfrainfs fo prevenf 
excessive shoulder abducfion during sleep^^^ and 
selecfive upper body exercises^^^ have been sug- 
gesfed. A number of aufhors^^^”^^® have documenfed 
significanf success wifh a formal exercise program. 

Sunderland® has idenfified specific criferia for 
defermining failure of conservafive managemenf. 
These include signs of muscle wasfing, infermiffenf 
paresfhesia followed by sensory loss, and progres¬ 
sive pain fo fhe poinf of incapacifafion. 

Surgical managemenf of TOS mosf commonly 
involves firsf cervical rib resecfion via fhe frans- 
axillary approach, buf fhis procedure remains con- 
froversial and indicafions are quife variable and nof 
well-esfablished. When consfricfing bands are iden¬ 
fified during fhe procedure, fhey are released. Su¬ 
praclavicular explorafion is fhe procedure of choice 
for some surgeons.If has fhe advanfage of vi¬ 
sualizing a cervical rib direcfly wifhin fhe field and 


if consfricfing bands are presenf, fhey may be dis- 
secfed wifhouf fhe need fo remove fhe firsf rib. 
However, ifs disadvanfages are less accepfable cos- 
mesis, pofenfial phrenic or long fhoracic nerve in¬ 
jury or bofh, and more exfensive dissecfion.'*^^Un- 
forfunafely, severe, persisfenf CRPS-Type II and 
funcfional deficif can resulf from surgical inferven- 
fion. Thus, if is prudenf fo limif surgical manage¬ 
menf fo fhose pafienfs wifh unequivocal clinical 
evidence of frue neurogenic or frue vascular com- 

• 422 

promise. 

Radial Nerve Injuries and Compression Syndromes 

The radial nerve is especially vulnerable fo in¬ 
jury af several sifes. These include injury fo fhe main 
frunk of fhe radial nerve af fhe level of fhe spiral 
groove, posferior inferosseous injury af fhe elbow, 
and enfrapmenf or injury of fhe superficial radial 
nerve in fhe disfal fhird porfion of fhe forearm or 
af fhe wrisf. 

Injuries and Compression in the Spiral Groove Area 

Anatomical considerations. The radial nerve is 
a branch of fhe posferior cord of fhe brachial plexus 
wifh neural fiber confribufions from fhe fiffh 
fo eighfh cervical and firsf fhoracic nerve roofs 
(Figure 9-57). If begins af fhe lower border of fhe 
pecforalis minor. In fhe arm, if winds around 
fhe posferior aspecf of fhe humerus and passes 
along fhe musculospiral groove. If emerges anfe- 
rior fo fhe disfal arm abouf proximal fo fhe laferal 
epicondyle. In fhe upper arm, fhe radial nerve 
branches innervafe fhe fhree heads of fhe friceps, 
fhe anconeus, and fhe upper porfion of fhe forearm 
exfensors and supinafor muscles. Sensory branches 
of fhe radial nerve include fhe posferior brachial 
cufaneous, posferior anfebrachial cufaneous, and 
superficial radial nerves. The posferior aspecf of fhe 
upper arm is supplied by fhe posferior brachial cu¬ 
faneous nerve. The dorsal surface of fhe forearm is 
supplied by fhe posferior anfebrachial cufaneous 
nerve. The superficial radial nerve provides sensory 
innervafion fo fhe dorsal aspecf of fhe radial half of 
fhe hand. 

Radial nerve branches fo fhe long and medial 
heads of fhe friceps arise in fhe axilla. The radial 
nerve may be accompanied in fhe spiral groove by 
fhe branches fo fhe medial and laferal heads of fhe 
friceps. The main radial nerve frunk fypically lies 
direcfly againsf fhe humerus in fhe groove area, buf 
ifs branches lie in a plane befween fhe heads of fhe 
friceps. Thus, fhe main radial nerve bundle is more 
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Fig. 9-57. The radial nerve with electrode placement for 
motor nerve conduction studies. Adapted with permis¬ 
sion from Ma DM, Liveson JA. Nerve Conduction Hand¬ 
book. Philadelphia, Pa: FA Davis Co; 1985: 73. 


vulnerable to injury secondary to mid-third frac¬ 
tures of fhe humeral shaff. This is in confrasf fo 
crufch palsy in which bofh fhe radial nerve branches 
and fhe main radial nerve suffer compression in¬ 
jury befween a crufch and fhe underlying muscle 
fissue.^ 

The posferior cufaneous nerve of fhe arm and 
forearm accompanies fhe radial nerve fo fhe spiral 
groove buf lies more posferior relafive fo fhe hu¬ 
meral shaff. Thus, if foo is less vulnerable fo injury 
fhan fhe main radial nerve in fhe evenf of mid-fhird 
humeral fracfures.® 

As fhe radial nerve emerges from fhe spiral 
groove, if sends a branch fo fhe brachioradialis, fol¬ 
lowed slighfly more disfally by a branch fo fhe ex- 
fensor carpi radialis longus. If fhen passes befween 
fhe brachialis and brachioradialis before enfering 
fhe forearm. 

Etiology. The radial nerve may incur injury as a 
resulf of direcf, prolonged pressure, such as in Saf- 
urday nighf palsy.This form of nerve lesion char- 
acferisfically occurs in cachecfic and fafigued per¬ 
sons who are infoxicafed or suffering from drug 
narcosis. Thus, fhey are in a sfafe in which fhey fail 
fo perceive and read fo fhe sfages of progressive 
nerve injury. 


Humeral fracfures, as previously nofed, may be 
associafed wifh radial nerve injuries in fhe upper 
arm.^^®'^^” Injury may occur as a resulf of direcf in¬ 
jury associafed wifh fhe frauma causing fhe frac- 
fure or by fhe fracfure edges. Also, fhe radial nerve 
is relafively fixed where if leaves fhe spiral groove. 
This predisposes if fo fracfion injury when fhe frac- 
fured segmenfs of fhe humerus are fraumafically 
separafed.® Pafienfs susfaining fracfures of fhe dis- 
fal fhird of fhe humerus are also af risk for radial 
nerve injury. 

Radial nerve enfrapmenf has been documenfed 
fo occur in an area of drug-induced (penfazocine) 
fibrofic changes wifhin fhe laferal head of fhe fri- 
ceps.^^^ Radial nerve injury has also been affribufed 
fo compression by fhis muscle during severe mus¬ 
cular exerfion.^^Lofem ef al^^^ reporfed fhree cases 
of radial nerve injury manifesfed by fransienf pare¬ 
sis following infense muscular efforf, specifically 
elbow exfension. Sunderland cifes Gowers in 1892 
who wrofe, 

I have three times seen paralysis from a violent con¬ 
traction of the triceps, once during the act of pull¬ 
ing on a tight pair of boots, once from throwing a 
stone with energy, and once from grasping a 
lamp-post to avoid a fall during a severe attack of 
giddiness. In each the nerve was at once completely 
paralyzed; and in the second, in which the palsy 
was severe, a bruised appearance was observed 
over the lower part of the triceps.^ 

Clinical presentation. Radial nerve compression 
at the spiral groove may cause wrist drop due to 
wrist and finger extension weakness, along with 
weakness of the brachioradialis. The triceps muscles 
are typically spared. Sensory impairment may in¬ 
volve the dorsal interspace between the thumb and 
index finger and/or the proximal halves of the 
thumb, index finger, and middle finger. 

Treatment. Treatment is directed at surgical¬ 
ly removing the offending compressive mass or 
eliminating the precipitating posture. Wrist-hand 
splints with the hand and wrist placed in a posi¬ 
tion of function may be prescribed (Figure 9-58). 
Any splinting should be coupled with a daily 
range-of-motion exercise program, both passive and 
active assistive depending on the degree of weak¬ 
ness present. 

Posterior Interosseous Nerve Entrapment 

Anatomic considerations. The posterior in¬ 
terosseous nerve is a motor branch of the radial 
nerve (Figure 9-59). The radial nerve bifurcates into 
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Fig. 9-58. Dynamic dorsal wrist hand orthosis with low 
profile outriggers assisting metacarpophalangeal exten¬ 
sion and thumb abduction. The wrist is set in a functional 
position. 


a sensory branch and the posterior interosseous 
nerve, usually at the level of the radiocapitellar 
joint. In some cases, it may separate 2-5 cm proxi¬ 
mal or distal to this joint.When the nerve is di¬ 
rectly anterior to the radiohumeral joint capsule and 
the radial head, it lies lateral to the biceps tendon 
and bicipital bursa and medial to the supinator 
muscle.® It then passes between the two heads of 
fhe supinafor muscle and innervafes fhis muscle as 
if courses fhrough if. If proceeds dorsolaferally 
around fhe neck of fhe radius wifhin fhe subsfance 
of fhe supinafor muscle. The exfensor carpi radia- 
lis brevis is innervafed by fhe radial nerve af or dis- 
fal fo fhe radial head. 

The posferior inferosseous nerve subsequently 
separates into two groups comprised of mulfiple 
branches. One group innervafes fhe superficially 
lying forearm exfensor muscles, including the ex¬ 
tensor digitorum communis, extensor digiti quinti, 
and extensor carpi ulnaris. The other innervates the 
deeper lying forearm exfensors, including fhe ab¬ 
ductor pollicis longus, exfensor pollicis longus and 
brevis, and the extensor indicis proprius. 

The posterior interosseous nerve enters the su¬ 
pinator through an inverted, fibrous arch known 
as the arcade of Frohse. If is formed by fhe thick¬ 
ened tendinous edge of fhe proximal border of fhe 
superficial head of fhe supinafor. 

Etiology. The posferior inferosseous nerve is sus¬ 
ceptible to both intrinsic and extrinsic compression 
injury. It can be entrapped by the aforementioned 
arcade of Frohse,^^®”^^^ fhe supinafor,fumors (mosf 
commonly lipomas ganglia, and rarely, elbow 
synovifis.^^'^'^^ If has also been documented fo oc¬ 


cur affer fracfure or dislocafion of fhe radial head 
and specifically wifh Monfeggia fracfures (radial 
head dislocafion along wifh fracfure of the ulna)^^"^^ 
and as a complication of Canadian forearm crufch 
use.In some of pafienfs, fhe posferior inferosseous 
nerve is said to lie directly on the periosteum of fhe 
proximal radius, making it particularly susceptible 
to damage by a fracture of fhe proximal radius or 
by a proximally placed mefal plafe used fo sfabi- 
lize fhe fracfure.^^'^ Vascular leashes enveloping fhe 
nerve have been found fo be pofenfial causes of 
posferior inferosseous nerve compression. 

Clinical presentation. Pafienfs presenf wifh com¬ 
promised wrisf exfension sfrengfh. They also have 
finger exfension weakness at the MCP joints and 
thumb extension and abduction paresis. They re¬ 
tain radially deviated wrist extension because the 
extensor carpi radialis longus and brevis muscles 
are spared, each receiving a branch from fhe radial 
nerve proximal fo fhe supinafor. The brachialis and 
friceps are also spared. Prior to developing the com¬ 
bination of wrisf, thumb, and finger exfension 
weakness, fhese pafienfs may presenf with isolated 
inability to fully exfend fheir liffle and ring fingers. 



Fig. 9-59. The posterior interosseous branch of the radial 
nerve. Adapted with permission from Liveson JA. Periph¬ 
eral Neurology: Case Studies in Electrodiagnosis. 2nd ed. 
Philadelphia, Pa: FA Davis Co; 1991: 35. 
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Muscles that are spared following a posterior 
interosseous compression neuropathy include ex¬ 
tensor carpi radialis longus, the extensor carpi ra- 
dialis brevis, and the supinator. The muscles that 
are affected are the extensor carpi ulnaris, includ¬ 
ing the extensor digitorum communis, extensor 
indicis proprius, abductor pollicis longus, extensor 
pollicis brevis, and the extensor pollicis longus. 

Although the posterior interosseous nerve is a 
motor nerve, compression injury has caused pares¬ 
thesias in some cases.Pain begins at the elbow or 
proximal forearm area in abouf half of fhe pa- 
fienfs.^^^ Pain is usually acufe, alfhough if may also 
be gradual in onsef. There may be reproducible fen- 
derness wifh palpafion over fhe forearm exfensor 
muscle mass jusf disfal fo fhe radial head. 

Electrodiagnosis. Nerve conducfion sfudies of 
fhe radial nerve in fhe forearm have shown a pro¬ 
longed mofor lafency consisfenf wifh focal slowing 
involving fhe posferior inferosseous nerve. The 
sfudy is performed by sfimulafing fhe radial nerve 
af fhe level of fhe elbow wifh acfive elecfrode pickup 
of fhe acfion pofenfial on fhe exfensor digiforum 
communis muscle.^'*® The superficial radial NCS is 
normal. Elecfromyography may reveal sponfaneous 
acfivify consisfenf wifh muscle membrane insfabil- 
ify and suggesfive of denervafion acfivify involv¬ 
ing all radially innervafed forearm muscles excepf 
for fhe exfensor carpi radialis longus and brevis and 
supinator muscles. 

Treatment, in mosf cases, clinically or elecfro- 
diagnosfically or bofh, documenfed posferior in¬ 
ferosseous nerve enfrapmenf is managed surgically. 
This includes explorafion and resecfion of fhe of¬ 
fending mass, such as a fumor or ganglia, or fhe 
release of compressive fibrous bands. 

A wrisf-hand splinf fabricafed in a posifion of 
funcfion may be used pre- or posfoperafively fo 
address fhe incomplefe wrisf weakness and finger 
and fhumb weakness. A sfafic splinf may be used 
af resf and a low-profile dynamic exfension splinf 
used during fhe day. Daily passive and acfive wrisf 
flexion and exfension fo fhe degree capable should 
also be included in fhe fherapeufic program. 

Superficial Radial Nerve Compression 

The superficial radial nerve courses subcufane- 
ously along fhe laferal aspecf of fhe radius. If is par- 
ficularly vulnerable fo exfrinsic pressure because 
of ifs superficial posifion. Excessively tighf wrisf- 
bands or handcuffs may cause focal nerve compres¬ 
sion injury resulfing in sensory impairmenf involv¬ 


ing fhe radial aspecf of fhe hand. This nerve may 
fake an aberranf course or fhere may be variafions 
in fhe disfribufion of cufaneous innervafion, fhus 
confusing fhe clinical picfure. 

There are mulfiple documenfed causes of super¬ 
ficial radial nerve compression injury'*^^'^^^'^^®: con- 
sfricfing wrisf bands, handcuffs, forearm hemor¬ 
rhage, excessively tighf surgical gloves, vein cut- 
down procedure, operative repair of deQuervain's 
fenosynovifis, casfing for Colle's fracfure, schwan¬ 
noma of fhe superficial radial nerve, and fibrous 
fendon joining brachioradialis and exfensor carpi 
radialis. 

Injury fo fhe superficial radial nerve resulfs in 
isolated numbness, paresfhesias, or painful dysesfhe- 
sia wifhouf mofor deficifs. There may be a posifive 
Tinel's sign in fhe laferal forearm area. Sympfoms may 
be enhanced wifh placing fhe forearm in end-range 
pronafion coupled wifh ulnar wrisf flexion.'^®” 

Nerve conducfion sfudies of fhe superficial ra¬ 
dial nerve may resulf in an absenf response, or pro¬ 
longed lafency wifh affenuafion of fhe amplifude 
and femporal dispersion of fhe sensory acfion po¬ 
fenfial. Elecfromyography is of no value in fhis syn¬ 
drome excepf fo exclude ofher nerve pafhology. 

Treafmenf is directed af removing fhe offending 
consfricfion or focal pressure. Causalgias relafed fo 
superficial nerve compression have been docu¬ 
menfed as a complicafion of some superficial ra¬ 
dial nerve lesions.Nerve repair, excision of an 
associafed neuroma, and cervical sympafhecfomies 
have been performed fo address fhis problem wifh 
some success.^^^ 

Median Nerve Injuries and Compression S)mdromes 

The median nerve is vulnerable fo compression 
injury af fhree major sites. Af fhe elbow; af fhe liga- 
menf of Sfrufhers, where fhe main frunk of fhe me¬ 
dian nerve may be enfrapped; or befween fhe fwo 
heads of fhe pronator feres. In fhe forearm, fhe an¬ 
terior inferosseous nerve, a mofor branch of fhe 
median nerve, is subjecf fo compression. The mosf 
common enfrapmenf neuropafhy, CTS, occurs sec¬ 
ondary fo compression af fhe disfal edge of fhe 
fransverse carpal ligamenf or, less commonly af fhe 
infermefacarpal funnel.'® A number of less common 
sifes of median nerve compression have been ob¬ 
served'"': 

• posf sfupor wifh proximal median nerve 
compression af enfrance fo canalis brach- 
ialis af inferior border of pecforalis major; 
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• injury secondary to fracture of disfal fhird 
of humerus; 

• enfrapmenf by lacerfus fibrosis (fibrous 
band connecfing biceps fendon fo flexor 
carpi radialis); 

• injury secondary fo elbow dislocafion; 

• injury secondary fo fracfure—dislocafion of 
disfal radioulnar joinf; 

• enfrapmenf by hemodialysis loop graffs af 
bofh fhe elbow and in fhe forearm; 

• enfrapmenf by laferal border of flexor digi- 
forum superficialis; 

• disfal forearm fibrovascular band; 

• radial arfery puncfure af fhe wrisf wifh di- 
recf frauma or injury secondary fo bleed¬ 
ing; and 

• compression injury of palmar cufaneous 
branch secondary fo ganglia. 

Supracondylar Process Syndrome 

Anatomic considerations. The ligamenf of 
Sfrufhers is an anomalous fibrous band (Figure 9- 
60). If has been documenfed fo have an incidence 
of 0.7% fo 2.7%.'‘®^If exfends from ifs affachmenf on 
fhe supracondylar process of fhe disfal anferome- 
dial humerus (usually via a bony spur) fo fhe me¬ 
dial epicondyle.^“The bony spur may be palpable 
and is evidenf on a radiograph.'*®^ The ligamenf may 



Fig. 9-60. The median nerve and brachial artery passing 
between the distal humerus and the ligament of 
Struthers. Adapted with permission from Liveson JA. 
Peripheral Neurology: Case Studies in Electrodiagnosis. 2nd 
ed. Philadelphia, Pa: FA Davis Co; 1991: 28. 


be bilaferaT** and is nof always associafed wifh a 
bony spur.^®'* 

Etiology. The median nerve may be enfrapped 
under fhe ligamenf of Sfrufhers jusf proximal fo fhe 
anfecubifal space. Some feel fhe compression injury 
is due fo a combinafion of sfafic impingemenf and 
dynamic injury associafed wifh repefifive mofion 
af fhe elbow. 

Clinical presentation. This syndrome may resulf 
in weakness of all median nerve innervafed fore¬ 
arm and hand muscles, including fhe pronafor feres. 
If may also resulf in sensory deficifs in fhe hand in 
fhe disfribufion of fhe median nerve. The brachial 
arfery also passes under fhe ligamenf of Sfrufhers 
when if is presenf. If if too is compressed, a pafienf 
may presenf wifh disfal vascular and neuropafhic 
changes.'*** 

Electrodiagnosis. Median nerve conducfion ve- 
locify across fhe sife of presumed enfrapmenf af fhe 
elbow may be slowed.^®®'^®'’ An EMG of selected fore¬ 
arm and hand muscles innervafed by fhe median 
nerve may show evidence of denervafion acfivify. 

Pronator (Teres) Syndrome 

Anatomic considerations. The median nerve 
crosses fhe elbow in close approximafion fo fhe bra¬ 
chial arfery and biceps fendon. The biceps fendon 
is laferal, fhe median nerve is medial, and fhe bra¬ 
chial arfery courses befween fhese fwo sfrucfures. 
The median nerve enters fhe forearm and passes 
under fhe lacerfus fibrosus, a fhick fascial band ex¬ 
tending from fhe biceps fendon fo fhe forearm fas¬ 
cia. If fhen courses befween fhe superficial and deep 
head of fhe pronafor feres and passes beneafh fhe 
fibrous arch of fhe flexor digiforum superficialis. 

Etiology. The median nerve may be compressed 
by a fhickened lacerfus fibrosus, by a hyperfrophied 
pronafor feres or fibrous band wifhin fhis muscle, 
befween fhe superficial and deep heads of fhe pr¬ 
onafor feres, or by fhe edge of fhe fibrous arch of 
fhe flexor digiforum superficialis (Figure 9-61).^^^ 
Fracfures of fhe forearm as well as elbow disloca¬ 
fion may secondarily injure fhe median nerve (Fig¬ 
ure 9-62). Median nerve injury in fhis forearm area 
has also been documenfed in associafion wifh com- 
parfmenf syndrome.^®^ A persisfenf median arfery 
as a cause of pronafor feres syndrome, secondary 
fo compression of fhe nerve by fhe arfery, was re- 
porfed by Jones and Ming.'*®® Luce ef aT®® nofed fhaf 
in pafienfs on anficoagulanfs, repeafed affempfs af 
brachial arfery puncfure may also cause median 
nerve injury. This compressive injury secondary fo 
bleeding may develop insidiously. 
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Fig. 9-61. The median nerve may be entrapped by the 
lacertus fibrosis or the fibrous arch of the flexor digitor- 
um sublimis (superficialis) as well as between the deep 
and superficial heads of the pronator teres muscle. 
Adapted with permission from Liveson JA. Peripheral 
Neurology: Case Studies in Electrodiagnosis. 2nd ed. Phila¬ 
delphia, Pa: FA Davis Co; 1991: 25. 



Fig. 9-62. The median nerve may be injured following 
dislocation of the elbow. Radiograph courtesy of MAJ 
Aron M. Judkiewicz, M.D., Department of Radiology, 
Walter Reed Army Medical Center, Washington, DC. 


Clinical presentation. Patients usually complain 
of an aching discomfort in the proximal forearm, 
exacerbafed by acfivifies requiring repefifive or 
sfrenuous forearm pronafion. There may be proxi¬ 
mal radiafion fo fhe elbow or even fhe shoulder, 
along wifh a sense of heaviness and easy fafigabil- 
ify wifh use of fhe arm. Poorly localized paresfhe- 
sias may be presenf, usually infermiffenfly if af all. 
Nocfurnal exacerbafion of symptoms is nof charac- 
ferisfic. 

Physical examinafion usually reveals dull fender- 
ness wifh palpafion over fhe pronator feres muscle 
mass. The pronator feres may appear enlarged upon 
palpafion. Occasionally, a sharp pain will be elic- 
ifed insfead, and a fap over fhe pronafor feres may 
produce a TineTs sign. 

Muscle sfrengfh fesfing reveals variable weak¬ 
ness of fhe median nerve innervafed forearm flex¬ 
ors, including fhe palmaris longus, flexor carpi ra- 
dialis, flexor digiforum profundus (radial porfion), 
flexor digiforum superficialis, flexor pollicis longus, 
and pronafor quadrafus. The pronafor feres, on fhe 
ofher hand, is fypically spared because branches fo 
fhis muscle emerge from fhe median nerve prior fo 
fhe aforemenfioned enfrapmenf sifes. There is also 
variable weakness of fhe median innervafed hand 
infrinsics. 

Spinner describes fhree fesfs fhaf may be helpful 
in clinically supporfing fhe presence of pronafor 
feres syndrome. 

1. One fesf is performed by placing fhe fore¬ 
arm in full pronafion and fhe wrisf in flex¬ 
ion. An examiner fhen passively supinafes 
fhe forearm and exfends fhe wrisf while fhe 
pafienf acfively resisfs fhis maneuver. A 
posifive fesf is manifesfed by precipifafion 
or exacerbafion of pain in fhe proximal 
forearm and suggesfs median nerve com¬ 
pression in fhis area by fhe pronafor feres. 

2. A second fesf involves full supinafion of 
fhe forearm concomifanfly wifh elbow flex¬ 
ion. The examiner passively pronafes fhe 
forearm while fhe pafienf resisfs fhe acfion. 
The pafienf's acfive biceps confracfion 
causes fighfening of fhe lacerfus fibrosus. 

A posifive fesf is manifesfed by precipifa¬ 
fion or exaggerafion of sympfoms and sug¬ 
gesfs fhaf fhe lacerfus fibrosus is fhe com¬ 
pressive sfrucfure. 

3. A fhird fesf direcfs fhe pafienf fo flex fhe 
proximal IP joinf of fhe middle finger 
againsf resisfance, fhus acfivafing fhe 
flexor digiforum sublimis muscle. If fhis 
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test precipitates or increases the patient's 
discomfort, it is suspected that the arch of 
fhe flexor digiforum sublimis may be caus¬ 
ing median compression injury. 

Electrodiagnosis. The pronator feres syndrome 
is primarily a clinical diagnosis. Elecfrodiagnosfic 
fesfing defecfs abnormalifies in only a minorify of 
pafienfs sfudied.^^^Median mofor and sensory con- 
ducfion velocifies may be slowed in fhe forearm 
segmenf. The sensory acfion pofenfial amplifude 
disfally may be reduced wifh compression injury 
of fhe median nerve in fhe forearm. Nerve conduc- 
fion sfudies are infrequenfly abnormal, buf can be 
helpful in excluding ofher neuropafhic condifions 
in fhe differenfial, including CTS. Elecfromyogra- 
phy provides fhe mosf useful informafion when 
abnormal findings, which are suggesfive of dener- 
vafion acfivify, are found in bofh median-innervafed 
forearm and hand infrinsic muscles, excluding fhe 
pronafor feres. 

Treatment. Conservafive managemenf includes 
avoidance of precipifafing or exacerbafing acfivify 
and use of NSAIDs. Temporary use of sfafic elbow 
and wrisf splinfs in a posifion of resf of fhe biceps, 
supinator, pronafor feres, and forearm wrisf flex¬ 
ors, followed by genfly progressive range-of-mofion 
acfivifies fo resfore pain-free mobilify, may be help¬ 
ful in some pafienfs. 

In pafienfs who susfain acufe median nerve com¬ 
pression in fhe proximal forearm secondary fo crush 
injury, bleeding, or ofher causes of increased 
infracomparfmenfal pressure, fasciofomy wifh me¬ 
dian nerve decompression is advocafed. If fhis sur¬ 
gical infervenfion is performed in a fimely fashion, 
fhere is excellenf prognosis for median nerve recov¬ 
ery. This may nof be fhe case for individuals suffer¬ 
ing from chronic median nerve compression. Their 
prognosis for recovery is guarded.'*^^ 

Anterior Interosseous Syndrome 

Anatomic considerations. The anferior in- 
ferosseous branches off fhe main median nerve ap- 
proximafely 5 fo 8 cm disfal fo fhe laferal epi- 
condyle. If is predominanfly a mofor nerve. Al- 
fhough if has no superficial sensory fibers, if does 
carry pain and propriocepfion fibers from deep fore¬ 
arm soff fissue sfrucfures and from fhe wrisf joinfs, 
including fhe radiocarpal, infercarpal and car- 
pomefacarpal, and disfal radioulnar joinfs.'*^^!! in- 
nervafes fhree forearm muscles, fhe flexor pollicis 
longus, fhe flexor digiforum profundus (radial por- 
fion), and fhe pronafor quadrafus. 


Etiology. The anferior inferosseous syndrome is 
also known as fhe syndrome of Kiloh and Nevin.^“ 
The sife of injury is jusf disfal fo fhe pronafor feres 
muscle. The anferior inferosseous nerve may be se- 
lecfively compressed by any number of sfrucfures 
or direcfly injured secondary fo frauma. 

Causes of anferior inferosseous syndrome^“'^“ 
include 

• tendinous origin of deep head of pronafor 
feres; 

• tendinous origin of flexor digiforum subli¬ 
mis fo fhe middle finger; 

• accessory muscles and fendons from fhe 
flexor digiforum, flexor pronafor quadra¬ 
fus, and ofher forearm muscles; 

• fibrous bands of fhe flexor digiforum sub¬ 
limis or flexor digiforum profundus; 

• aberranf vessels and fhrombosed collaferal 
vessels; 

• excessive forearm exerfion; 

• direcf frauma; 

• forearm fracfures, lacerafions, gunshof 
wounds; 

• drug injecfions; 

• posfoperafive complicafion of open reduc- 
fion infernal fixafion of forearm fracfures; 

• venus cufdowns; and 

• exfrinsic pressure (casf, heavy handbag, 
prolonged leaning on forearm). 

Collins and Weber^*’^ describe acfual avulsion of 
fhe anferior inferosseous nerve secondary fo 
frauma. Anferior inferosseous syndrome has also 
been documented fo occur in associafion wifh mefa- 
sfafic bronchiogenic carcinoma involvemenf of fhe 
forearm.'*'’^ 

The anferior inferosseous syndrome may be clini¬ 
cally mimicked by more proximal inflammafory 
nerve lesions or more proximal compression injury. 
For example, fhe anferior inferosseous neural fibers 
can be selecfively involved in brachial neurifis (neu¬ 
ralgic amyofrophy or Parsonage-Turner syn¬ 
drome).A pseudo-anferior inferosseous nerve 
syndrome involves parfial median nerve injury sec¬ 
ondary fo cafheferizafion af fhe anfecubifal fossa 
level, presumably selecfively involving nerve fibers 
specifically desfined fo form fhe anferior in¬ 
ferosseous nerve. Elbow dislocafions have been 
documented fo produce a similar presenfafion (see 
Figure 9-62).^“''*“ 

Rupfure or enfrapmenf of fhe flexor pollicis lon¬ 
gus fendon will cause isolafed inabilify fo flex fhe 
IP join! of fhe fhumb. This fendon, along wifh fhe 
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flexor digitorum profundus fo fhe index finger, is 
especially vulnerable to rupture in rheumatoid ar¬ 
thritis on the sharp edge of an eroded scaphoid tu¬ 
bercle. This phenomenon can mimic a partial ante¬ 
rior interosseous syndrome. A history of locking or 
snapping of the thumb at this joint and the absence 
of any weakness of the pronator quadratus or flexor 
digitorum profundus muscle to the middle finger 
will help to differentiate this problem from the an¬ 
terior interosseous syndrome. If due to rheumatoid 
arthritis, one may detect clinical evidence of promi¬ 
nent flexor tenosynovitis, and wrist radiographs 
may reveal scaphoid bone erosion. 

Clinical presentation. Patients classically present 
with acute pain in the proximal forearm region and 
sometimes in the elbow area as well. They do not 
typically have any sensory symptoms, although 
poorly localized and described sensory complaints 
may be noted on occasion. Weakness is variable and 
limited to the flexor pollicis longus, flexor digitor¬ 
um profundus to the index and middle fingers, and 
the pronator quadratus. These patients experience 
difficulty making the circular "OK" sign with their 
thumb and index finger. They form a triangle in¬ 
stead because of the weakness at the IP joint of the 
thumb and the distal IP joint of the index finger. 
For the same reason, they are unable to pinch with 
the tips of their thumb and index finger effectively. 
They typically have variable loss of dexterity in fine 
motor tasks as well. 

Electrodiagnosis. Conventional median motor 
NCSs, which involve stimulation at the wrist and 
from above the elbow with pickup at the abductor 
pollicis brevis muscle, are normal. However, me¬ 
dian motor conduction from the elbow to pickup 
over the pronator quadratus may reveal a prolonged 
latency and temporal dispersion of the CMAP.^*’^ 
Median sensory NCS is normal and its value is pri¬ 
marily the exclusion of other median nerve pathol¬ 
ogy. Elecromyography may reveal evidence of vari¬ 
able degrees of denervation activity involving the 
flexor digitorum profundus I and II, flexor pollicis 
longus, and pronator quadratus. 

Treatment. Management of anterior interosseous 
nerve injury is highly dependent on the cause. If a 
penetrating wound is the cause, immediate surgi¬ 
cal exploration and repair is warranted. If a crush 
injury with impending Volksmann ischemic con¬ 
tracture is the cause, immediate decompression is 
clearly indicated. If it is spontaneous or clearly re¬ 
lated to a given activity, relative rest with avoid¬ 
ance of the precipitating or exacerbating activity 
may be sufficient to provide relief. Temporary 
splinting of the forearm may offer greater assurance 


of adequate immobilization and rest. Nonsteroidal 
antiinflammatory medications and local steroid in¬ 
jections in the region of the pronator teres may be 
helpful in alleviating persistent discomfort. 

There is little consensus regarding timing of sur¬ 
gical intervention in patients who suffer persistent 
discomfort despite conservative management. 
However, the surgical literature tends to favor sur¬ 
gical exploration in those patients with spontane¬ 
ous onset of a complete anterior interosseous nerve 
deficit if they show no significant improvement af¬ 
ter 12 weeks.Most favor waiting an even longer 
period of time in patients who present with only 
incomplete anterior interosseous nerve palsy. 

Dawson and colleagues^^^ suggest a period of at 
least 6 months of conservative treatment in patients 
with spontaneous anterior interosseous syndrome. 
This rationale is based on their experience that most 
cases of spontaneous anterior interosseous nerve 
palsy are due to a neuritis rather than compression 
injury and that these patients characteristically re¬ 
cover completely within about ten months after 
onset.^^° 

Carpal Tunnel Syndrome 

Anatomic considerations. Prior to entering the 
carpal tunnel, the palmar cutaneous nerve is the last 
major branch of the median nerve in the forearm, 
usually arising about 3 to 4 cm proximal to the 
proximal edge of the transverse carpal ligament. 
Thus, it is spared in CTS. It serves the thenar re¬ 
gion of the hand and a variable portion of the palm. 

The median nerve becomes more superficial at 
the distal forearm between the tendons of the pal- 
maris longus and the flexor carpi radialis. It then 
passes through the fibroosseous carpal tunnel 
(Figure 9-63). The radial wall of this tunnel 
is formed by the scaphoid and trapezium and ul¬ 
nar wall by the pisiform and hamate. The lunate, 
capitate, trapezoid, and associated ligament¬ 
ous structures form its floor or dorsal surface. The 
transverse carpal forms the roof or volar surface. 
The transverse carpal ligament attaches to the tu¬ 
bercle of the scaphoid and trapezium laterally and 
the hamate medially. Nine extrinsic wrist flexor ten¬ 
dons accompany the median nerve through this 
tunnel. They include the flexor pollicis longus (1), 
flexor digitorum superficialis (4), and flexor digi¬ 
torum profundus (4) tendons. The distal volar skin 
crease of the wrist corresponds to the proximal bor¬ 
der of the carpal tunnel, which extends 3 cm distal 
to this crease.The carpal tunnel narrows in 
cross-section at 2 to 2.5 cm distal to the entrance 
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Fig. 9-63. The carpal tunnel. The median nerve, tendons 
of both the flexor digitorum profundus and superficia- 
lis, and flexor pollicis longus travel beneath the trans¬ 
verse carpal ligament which has been reflected. Adapted 
with permission from Liveson JA. Peripheral Neurology: 
Case Studies in Electrodiagnosis. 2nd ed. Philadelphia, Pa: 
FA Davis Co; 1991: 20. 

of the tunnel.In CTS, the size of the myelinat¬ 
ed nerve fibers are significantly reduced at this 
point.^^^ 

As the median nerve emerges from the carpal 
tunnel, it splays outward into both motor and sen¬ 
sory fibers. The motor nerve, in close proximity to 
the common palmar digital nerve to the thumb, 
curves over or through the flexor pollicis brevis. It 
supplies the superficial head of the flexor pollicis 
brevis as it courses over or through it and subse¬ 
quently divides to serve the other thenar muscles, 
the abductor pollicis brevis and the opponens pol¬ 
licis. 

The sensory fibers classically serve the skin of 
the radial aspect of the palm and volar surface of 
the thumb, index, and middle fingers, and the ra¬ 
dial half of the ring finger. Dorsally, sensory fibers 
from the median nerve supply the skin distal to the 
proximal IP joints of the index and middle fingers 
and the radial aspect of the little finger. The dorsal 
surface of the distal thumb may be innervated by 
either the median or radial nerve.It is clinically 
important to be aware that a multitude of anatomic 
variations exist regarding median sensory supply 
to the hand and digits. 


Etiology. Carpal tunnel syndrome is the most 
common entrapment neuropathy. Space-occupying 
lesions within the carpal tunnel are the most com¬ 
mon cause of this syndrome. A wide variety of con¬ 
ditions are associated with CTS. All of them, to some 
degree, compromise the limited space within this 
relatively unyielding fibro-osseous structure. 

Acute CTS occurs as a complication of multiple 
traumatic injuries involving the wrist or hand. It 
has been associated with Code's fracture (Figure 9- 
64).^^^ It has also been documented to occur after 
epiphyseal fracture of the distal radius, after frac¬ 
ture of both the ulna and radial bones, and after 
dislocation or fracture-dislocation of the car¬ 
pus.Suppurative flexor tenosynovitis has been 
documented to cause abrupt onset of CTS as well. 
It may be complicated by acute median nerve pa¬ 
ralysis requiring immediate decompression to pre¬ 
vent irreparable damage. 

Crush injury of the hand or wrist results in 
marked swelling and may be complicated by 
Volkmann's ischemic contracture. Such patients are 
at high risk for developing acute CTS. Individuals 
taking anticoagulants are at increased risk for bleed¬ 
ing into the carpal tunnel^^^ or into the median nerve 
itself,with consequent development of acute or 
chronic CTS. 

Chronic CTS may occur as result of any of the 
aforementioned traumatic injuries. It may also de¬ 
velop secondary to prolonged or repetitive extrin¬ 
sic trauma, such as occasionally occurs after walk¬ 
ing with axillary crutches. Crutch walking in a sus¬ 
ceptible patient has been documented to cause 



Fig. 9-64. Distal radial fracture with dorsally deviated 
distal segment (Colle's fracture), which may be associ¬ 
ated with median nerve entrapment at the wrist. Radio¬ 
graph courtesy of MAJ Aron M. Judkiewicz, M.D., De¬ 
partment of Radiology, Walter Reed Army Medical Cen¬ 
ter, Washington, DC. 
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chronic compression injury of the motor branch of 
the median nerve/^^ 

Clinical presentation. Carpal tunnel syndrome 
is a consideration in any patient who presents with 
numbness, painful dysesthesias, weakness, and 
impaired dexterity of the hand. In most patients, 
there is a characteristic presentation, but a signifi¬ 
cant number present in an atypical fashion and re¬ 
quire electrophysiologic testing for definitive diag¬ 
nosis. Carpal tunnel syndrome affects females more 
often than males. The most common age of onset is 
in the fifth or sixth decades, although many present 
earlier, particularly if their daily activities or occu¬ 
pation involves extensive manual labor. Symptoms 
most often affect the dominant hand,but bilat¬ 
eral complaints are not uncommon. 

Numbness classically involves the thumb, index 
finger, and radial half of the ring finger. Some have 
found that numbness is most commonly present in 
middle finger or both the middle and index fin¬ 
gers.Pain often occurs at the wrist with proximal 
radiation but may be present in the hand, forearm, 
elbow, and shoulder as well. The pain is described 
as an aching, cramping, or burning discomfort. 
Shaking or rubbing the hand may offer momentary 
relief. Weakness is not a typical complaint, although 
patients may complain of tiredness and easy fati¬ 
gability when performing manual activities. They 
may also complain of dropping items with increas¬ 
ing frequency. However, this is most likely related 
to their sensory deficit rather than weakness. There 
may be an increased sensitivity to cold, and in some 
individuals with advanced disease, vasotrophic 
changes, including excessive sweating, edema, and 
skin color changes, may occur. 

Early in the course of CTS, there are generally 
no objective physical findings. Later, slight hypes- 
thesia develops in the median nerve distribution. 
Several investigators have noted that a significant 
percentage of patients initially present with de¬ 
creased sensation involving the middle finger. 

As the compression neuropathy advances, progres¬ 
sive loss of sensation, including impaired two-point 
discrimination, occurs. 

A TineTs sign may be elicited. It is produced by 
tapping gently over the volar wrist skin crease. A 
positive sign is manifested by a tingling or electri¬ 
cal shock sensation radiating into one or more of 
the median innervated digits. It most often is elic¬ 
ited in patients with severe CTS. However, it can 
produced in a number of patients without CTS. For 
this reason, it is not considered a sensitive or spe¬ 
cific test for CTS. Nevertheless, when TineTs sign 
is positive in the context of other characteristic signs 


and symptoms, it is supportive of the diagnosis. The 
Phalen's test is produced by placing the wrist in full 
flexion for 30 to 60 seconds. Symptoms will be ex¬ 
acerbated by this maneuver in a positive test. 
Phalen^*" found the test positive in 80% of 484 hands 
tested. Although a number of patients with definite 
CTS may not have a positive Phalen's test, when it 
is positive, it is a relatively reliable sign. 

Dawson and colleagues'*^^ have grouped patients 
with CTS into three categories based on the sever¬ 
ity of their symptoms. This grouping permits clearer 
identification of the patterns of presentation and 
thus aids in diagnosis. It also offers guidelines for 
treatment and prognostication. 

Group I. Patients in Group I present with mild 
symptoms of intermittent numbness, tingling, and 
pain the median nerve distribution. They have noc¬ 
turnal exacerbation of their symptoms and may be 
awakened from their sleep by pain. They may also 
relate that their symptoms are increased with driv¬ 
ing, holding up a newspaper to read, and with 
manual labor, particularly sewing or other tedious 
hand activities. They have a positive Flick sign, 
which is manifest by vigorous shaking of their af¬ 
fected hand to "get the circulation going" with 
momentary, partial relief of their symptoms. Symp¬ 
toms are initially sporadic, followed by increasing 
frequency. The physical examination is essentially 
normal, except perhaps for a positive TineTs sign 
at the wrist or a positive Phalen's sign. 

Group II. Group II CTS patients complain of per¬ 
sistent symptoms. Pain is their primary complaint. 
They also have hypesthesia, a sense of clumsiness 
along with actual decrease in dexterity with fine 
motor tasks. They have prominent nocturnal exac¬ 
erbations and characteristically experience a notable 
increase in symptoms with manual activities. They 
complain of numbness, burning pain, and a sense 
of swelling in their hands. They usually have posi¬ 
tive Flick, TineTs, and Phalen's signs. They may rub 
their hands together or place the affected hand un¬ 
der water in an effort to obtain relief. On examina¬ 
tion, these patients have objective weakness in 
thumb abduction and opposition, and may show 
thenar atrophy. They typically have sensory impair¬ 
ment in the median nerve distribution and possible 
vasotrophic changes. 

Group III. Group III CTS patients have the most 
severe symptoms. They usually have longstanding 
complaints of painful dysesthesias and impaired 
dexterity with associated functional disability. Ex¬ 
amination reveals severe sensory loss, including 
loss of two-point discrimination, and skin atrophy. 
They have marked thenar muscle wasting with 
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significant weakness of thumb abduction and op¬ 
position. Prognosis is considered very poor in pa¬ 
tients who present with these symptoms, regard¬ 
less of therapeutic intervention. 

Electrodiagnosis. Simpson^*' is credited as being 
the first investigator to demonstrate focal slowing 
of median nerve conduction across the wrist. In 
doing so, he provided the first neurophysiologic evi¬ 
dence of entrapment neuropathies. Nerve conduction 
across the wrist is a highly sensitive means of con¬ 
firming the clinical diagnosis in most patients. In 
some cases, conduction studies across the wrist de¬ 
tect abnormalities in asymptomatic patients or in 
patients who have CTS but present with confusing 
symptoms, such as isolated shoulder or neck pain. 

Median sensory nerve conduction across the 
wrist is a sensitive electrophysiologic means of di¬ 
agnosing The orthodromic stimulation 

technique involves use of ring electrodes, typically 
on the index or middle fingers, for stimulation. The 
active and reference surface electrodes are placed 
just proximal to the wrist crease with 14 cm con¬ 
ventionally used as the distance between stimulat¬ 
ing and pickup electrodes in an adult. The antidro¬ 
mic technique involves stimulation proximal to the 
wrist crease with pickup of the sensory potential 
with ring electrodes on the index or middle fingers. 
The distance between the site of stimulation and 
the active electrode is again, conventionally, 14 cm. 
Although the latter technique characteristically re¬ 
sults in larger sensory amplitudes, it also has the 
potential disadvantage of concomitant stimulation 
of a muscle action potential at the wrist, which may 
distort the sensory response. 

More sensitive nerve conduction tests to detect 
CTS do exist. One particularly sensitive method is 
to compare the median vs ulnar sensory latencies 
to the ring finger in the same hand.^*^ 

The technique touted as being the most sensitive 
is comparison of the median and ulnar latencies 
with palmar stimulation. Palmar stimulation of the 
median and ulnar nerves generates a mixed nerve 
action potential for each nerve. These potentials are 
recorded at the wrist for comp arison.^“ One other 
sensitive test is comparison of the median sensory 
latency across the wrist to the thumb with the ra¬ 
dial sensory latency to the same digit.^®®'^“Kimura^®^ 
has performed serial stimulation from midpalm to 
distal forearm at 1-cm increments, known as the 
"inching" technique. Normally, median sensory 
axons show a predictable latency change of 0.16 to 
0.20 ms/cm from one stimulation point to another. 
A localized latency increase across a 1-cm segment 
significantly greater than the other segments is sug¬ 


gestive of a focal median neuropathy.^® Kimura^®^ 
noted that the increase in latency in CTS occurred 
most often between 2 to 4 cm distal to the proximal 
border of the transverse carpal ligament. Identifi¬ 
cation of focal pathology rather than more diffuse 
involvement of the median nerve helps distinguish 
CTS from a distal neuropathy involving digital 
nerves, such as sometimes found in diabetics. 

A reduction in amplitude of the SNAP may pro¬ 
vide evidence to support the presence of CTS. Al¬ 
though not as sensitive as delayed conduction and 
of no localized value, reduced amplitude or absence 
of the SNAP does frequently occur in CTS. The 
range of normal amplitudes for the median SNAP 
is large, however, so it is advocated that the ratio of 
the median SNAP amplitude to that of the ulnar 
SNAP amplitude be obtained instead. 

The incidence of prolonged median motor distal 
latency is high in CTS, but it is not as sensitive as 
median sensory conduction across the wrist. 
Segmental stimulation of median motor axons 
across the wrist can be done; however, this tech¬ 
nique is technically more challenging than segmen¬ 
tal stimulation of median sensory axons described 
above because the recurrent course of the thenar 
nerve anatomically varies among subjects.'**® A de¬ 
crease in the amplitude of the median motor action 
potential does occur in CTS, but is not a sensitive 
indicator. Temporal dispersion of the action poten¬ 
tial is also seen in some cases. Slowing of median 
motor nerve conduction in the forearm segment 
does not necessarily exclude CTS. It can be observed 
in more severe cases of CTS.'*®” 

The median NCS results on the clinically affected 
side may be compared with corresponding studies 
on the opposite side; however, because of the high 
incidence of bilateral involvement, this technique 
may have limited usefulness in improving the sen¬ 
sitivity of conduction studies in CTS. 

Residual latency refers to the calculated time dif¬ 
ference between the measured distal latency of a 
motor nerve and the expected distal latency. It is 
calculated by dividing the distance between the 
stimulus cathode and the active recording electrode 
by the maximum conduction velocity measured in 
a more proximal segment of the nerve. The residual 
latency is derived from the combination of the neu¬ 
romuscular transmission time and the slowing of 
conduction in the terminal axons due to decreasing 
diameter and unmyelinated segments. The residual 
latency is increased in patients with CTS.^®* 

Electromyography may be useful in identifying 
electrical evidence of motor axonal degeneration, 
but it is less helpful than the NCSs for diagnosing 
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CTS. More advanced cases of CTS may show in¬ 
creased insertional and spontaneous activity (fibril¬ 
lations and positive sharp waves) in median inner¬ 
vated hand intrinsic muscles consistent with muscle 
membrane instability, along with a decreased re¬ 
cruitment pattern of motor unit action potentials, 
suggestive of denervation activity. 

Current practice recommendations by the AAEM 
for electrodiagnosis of CTS suggest that sensory 
conductions of the median nerve across the wrist 
reflect a high degree of clinical certainty and should 
be standard practice. If the median sensory conduc¬ 
tion is abnormal, one other sensory nerve in the 
symptomatic limb should be tested for comparison. 
If the median sensory conduction distance is greater 
than 8 cm and the latency results fall in the normal 
range, additional studies are necessary. A median 
conduction across the wrist of a distance less than 
8 cm or comparison of the median conduction with 
radial or ulnar conduction in the same limb should 
be standard practice. Motor conduction studies of 
the median nerve, recording over the thenar emi¬ 
nence with comparison to one other motor nerve in 
the symptomatic limb is also recommended. It is 
felt however, that the motor conduction study re¬ 
flects only moderate clinical certainty. An EMG of 
median innervated muscles of the thenar eminence 
is felt to be of unclear clinical utility and is left as 
an option at the electromyographer's discretion.'*®^ 

Treatment. Conservative management of CTS is 
advocated for patients with mild or intermittent 
symptoms. Relative rest from the potentially pre¬ 
cipitating or exacerbating activity, volar splinting 
of the wrist in neutral, and NSAIDs are often the 
initial measures used and are frequently helpful 
(Figure 9-65). Additional nonsurgical forms of treat¬ 
ment include local steroid injection of the wrist and 
a short course of oral steroids or a trial of diuretics. 



Fig. 9-65. Volar wrist hand orthosis (resting hand splint) 
may be very effective in the treatment of mild to moder¬ 
ate carpal tunnel syndrome. 


or both. Although pyridoxine at 100 to 200 mg per 
day has been prescribed, its actual benefits are in¬ 
conclusive.Doses as low as 300 mg/d have 
been shown to cause a progressive generalized sen¬ 
sory neuropathy.^®® 

Local steroid injections are used for patients with 
persistent but mild or intermittent symptoms, as 
well as for patients with painful symptoms who are 
considered poor surgical risks. Steroid injections are 
most successful in patients with minimal or inter¬ 
mittent symptoms and least successful in those with 
persistent numbness and thenar atrophy. Thus, in¬ 
jections are generally contraindicated in patients 
with significant or persistent sensory loss and th¬ 
enar atrophy and weakness.^^^Creen®® found that 
a positive response to steroid injection is an excel¬ 
lent predictor of a successful surgical response. An 
acceptable method is to mix 1 to 2 mL of 1% 
lidocaine with 20 mg of methylprednisolone and 
inject this preparation proximal to the wrist crease 
and ulnar to the palmaris longus tendon. Care is 
taken to avoid direct injection into the median nerve 
or the transverse carpal ligament. Partial or com¬ 
plete relief usually occurs within 3 days. If no relief 
or exacerbation of symptoms occur, do not reinject. 
If partial relief occurs, consider a repeat injection. 
Do not inject more than four times due to the in¬ 
creased potential for tendon rupture and direct 
median nerve injury. 

When performed correctly, surgical management 
of CTS is generally highly successful. Absolute in¬ 
dications include failure of conservative manage¬ 
ment in a patient who is not a poor surgical risk or 
who manifests clinical evidence of thenar atrophy 
and weakness, or both. Persistent, longstanding 
sensory loss is considered a relative indication for 
surgical intervention. 

Postoperatively, a bulky hand dressing and wrist 
splint are applied. Most patients are permitted to 
begin to incompletely flex their digits within 48 
hours. Finger flexion is gently progressed over the 
next several days. At 4 to 5 days, many patients are 
able to do light functional activities, but the wrist 
splint is maintained for up to 2 weeks, at which time 
the sutures may be removed. Strenuous activity is 
deferred for 2 to 3 months, but light clerical work 
can be progressively instituted after 2 weeks. 

Acute CTS occurring in association with a frac¬ 
ture or fracture-dislocation, such as Colles' fracture, 
requires immediate closed reduction after docu¬ 
menting the median nerve deficit. If the symptoms 
of CTS persist or worsen after the reduction, im¬ 
mediate carpal tunnel release (CTR) is indicated. If 
symptoms of CTS occur after comminuted or un- 
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stable forearm or wrist fractures and persist greater 
than 24 to 48 hours despite operative management 
of the fractures, CTR is indicated. In the case of 
Volkmann's ischemic contracture secondary to a 
crush injury, CTR is done in combination with a 
more proximal fasciotomy.'^^^ 

Ulnar Nerve Injuries 

The ulnar nerve is derived from the medial cord 
of the brachial plexus, which formed from contri¬ 
butions from the C-8 and T-1 nerve roots. It carries 
both motor and sensory fibers. It supplies the flexor 
carpi ulnaris, the medial portion of the flexor digi- 
torum profundus in the forearm, and the majority 
of the intrinsic muscles of the hand. The hand in¬ 
trinsic muscles innervated include the following: 
first dorsal interosseous, adductor pollicis, deep 
head of the flexor pollicis brevis, flexor digiti 
minimi, abductor digiti minimi, opponens digiti 
minimi, volar interossei, dorsal interossei, and ul¬ 
nar lumbricals (Figure 9-66). Sensory innervation 
includes the following: an articular branch to the 



Fig. 9-66. The ulnar nerve with electrode placement for 
motor nerve conduction studies. Adapted with permis¬ 
sion from Ma DM, Liveson JA. Nerve Conduction Hand¬ 
book. Philadelphia, Pa: FA Davis Co; 1985: 152. 


elbow; the palmar cutaneous branch, which serves 
the palmar aspect of the hypothenar region; the 
dorsal cutaneous branch, which innervates the me¬ 
dial dorsum of the hand and the medial iVi or 
digits; and the superficial branch, which serves the 
volar aspect of the medial XVi digits. 

In the proximal upper arm, the ulnar nerve lies 
medial to the brachial artery. It remains in this rela¬ 
tionship until the mid portion of the upper arm. At 
that point, it pierces the medial fascial septum and 
courses posterior to this septum in the posterior 
compartment. At the elbow, the ulnar nerve passes 
posterior to the medial epicondyle. It subsequently 
courses between the two heads of the flexor carpi 
ulnar, which constitutes the "cubital tunnel." It 
passes to the medial volar forearm area where it lies 
between the flexor carpi ulnaris and the flexor digi- 
torum profundus. It lies medial to the ulnar artery 
in the distal forearm. In the distal forearm, the ul¬ 
nar nerve is relatively superficial and courses be¬ 
tween the flexor carpi ulnaris and flexor digitorum 
profundus tendons. 

At the level of the wrist, the ulnar nerve passes 
through Guy on's canal, which is formed by connec¬ 
tive tissue bounding the pisiform and the hook of 
the hamate. After passing through the canal, the 
ulnar divides into a superficial and a deep branch. 
The superficial branch supplies the palmaris brevis 
muscle and the skin of the hypothenar eminence 
and medial iV^ digits. The deep branch supplies the 
aforementioned intrinsic muscles of the hand. 

Ulnar Nerve Injury at the Elbow 

Ulnar nerve injuries and entrapment at the el¬ 
bow are relatively common. Cubital tunnel syn¬ 
drome and tardy ulnar nerve palsy are two terms 
used to describe the clinical presentation associated 
with ulnar nerve injury at the elbow. In order to 
clarify etiology, the term cubital tunnel syndrome is 
best restricted to those cases where the ulnar nerve 
is compressed by the aponeurosis of the flexor carpi 
ulnaris. Tardy ulnar palsy, on the other hand, is as¬ 
sociated with antecedent trauma, precipitating joint 
deformity or recurrent nerve subluxation. Many 
clinicians, however, continue to use the term tardy 
ulnar palsy to describe any ulnar entrapment neu¬ 
ropathy at the elbow. 

Anatomic considerations. The cubital tunnel at 
the elbow is formed by the following structures: its 
sides are formed by the two heads of the flexor carpi 
ulnaris, its floor by the medial ligaments of the el¬ 
bow joint; the aponeurotic arch, which bridges the 
two heads of the flexor carpi ulnaris, forms the roof 
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Fig. 9-67. The ulnar nerve passing through the cubital 
tunnel. Adapted with permission from Liveson JA. Pe¬ 
ripheral Neurology: Case Studies in Electrodiagnosis. 2nd ed. 
Philadelphia, Pa: FA Davis Co; 1991: 30. 

(Figure 9-67).^^^ The cubital tunnel is a frequent site 
of enfrapmenf.^^®'^” 

Clinical presentation. Pafienfs wifh an ulnar 
nerve lesion af fhe elbow primarily presenf wifh 
complainfs of infermiffenf hypesfhesia in fhe ulnar 
disfribufion. Their symptoms are offen exacerbafed 
by susfained elbow flexion, parficularly if also resf- 
ing on fhe elbow, or by acfivifies requiring repefi- 
five flexion and exfension of fhe elbow. Symptoms 
are generally infermiffenf af firsf. As sympfoms 
progress, pafienfs may experience nocfurnal exac- 
erbafions wifh disfurbance of sleep. They may 
awaken wifh elbow pain along wifh radiafion of 
paresfhesias from fhe elbow down fhe medial as- 
pecf of fhe hand fo fhe liffle finger. 

As nofed above, sensory complainfs are fhe ini- 
fial sympfoms. Impaired lighf touch and fwo-poinf 
discriminafion, as opposed fo pinprick and fhermal 
sensafions, are mosf offen affecfed. The sensory 
deficif may involve fhe ulnar aspecf of fhe palm, 
volar surface of fhe liffle finger and ulnar half of 
fhe ring finger, fhe medial dorsum of fhe hand, and 
fhe dorsum of fhe liffle and ring fingers. Nofe, how¬ 
ever, fhaf fhe ulnar nerve may supply fhe enfire ring 
and ulnar half of fhe middle finger in abouf 20% of 
cases.Mosf offen, fhe sensory deficifs and symp¬ 
foms involve fhe superficial ferminal branches fo 


fhe palmar aspecf of fhe liffle finger and medial half 
of fhe ring finger, along wifh fhe dorsum of fhese 
fingerfips. In longsfanding ulnar nerve enfrap- 
menfs, frophic changes may occur af fhe fingerfips 
of fhe liffle or ring fingers. The medial cufaneous 
nerve branch of fhe brachial plexus serves fhe me¬ 
dial forearm up fo a poinf proximal fo fhe skin 
crease af fhe wrisf. If is nof involved in ulnar nerve 
lesions af fhe elbow. 

Alfhough mosf pafienfs sfarf wifh sensory com¬ 
plainfs, an occasional pafienf will develop symp¬ 
foms of weakness and impaired dexferify as fheir 
inifial problem. In fhe majorify of cases, progres¬ 
sive weakness of hand grip and pinch sfrengfh, as 
well as decreasing dexferify evolve slowly over 
fime. Wifh chronic compression, sympfoms may be 
slowly progressive over monfhs prior fo develop¬ 
ing objecfive mofor deficifs. Wifh acufe, fraumafic 
compression injuries, sensory deficifs and mofor 
weakness may be immediafe or variably delayed. 

A posifive TineTs sign may be elicifed af fhe el¬ 
bow, fypically wifh radiafion down fhe medial as¬ 
pecf of fhe forearm. This, however, is a nonspecific 
sign fhaf can be elicifed in a number of pafienfs 
wifhouf documenfed ulnar neuropafhies. A more 
specific fesf for ulnar neuropafhy is fhe elbow flex¬ 
ion fesf. In fhis fesf, elbow flexion reproducibly pre- 
cipifafes or exacerbafes elbow pain or painful 
dysesfhesias or bofh in fhe disfribufion of fhe ul¬ 
nar nerve. The TineTs sign and elbow flexion fesf 
are performed bilaferally for comparison. 

Poinf fenderness, nerve subluxafion, or nerve 
fhickening may be palpable af fhe elbow. If fhe fen¬ 
derness is defecfed several cenfimefers proximal fo 
fhe medial epicondyle, if may be due fo compres¬ 
sion of fhe ulnar nerve by fhe arcade of Sfrufhers 
or wifhin fhe medial infermuscular sepfum. Tender¬ 
ness elicifed immediafely posterior fo fhe medial 
epicondyle is fypically secondary fo frauma. Ten¬ 
derness reproduced 2 fo 3 cm disfal fo fhe medial 
epicondyle in fhe region of fhe flexor carpi ulnaris 
aponeurosis is suggesfive of cubifal funnel syn¬ 
drome. If fhe fenderness is obfained even more dis¬ 
fal, fhaf is, greafer fhan 3 cm disfal fo fhe medial 
epicondyle, suspecf ulnar compression by fhe deep 
aponeurosis of fhe flexor carpi ulnaris.'^^^ 

Subfle weakness may manifesf as laferal insfa- 
bilify of fhe index finger and increasing abducfion 
and progressive weakness of fhe liffle finger. Weak¬ 
ness of ulnar innervafed hand infrinsic muscles is 
also reflecfed by flexion confracfure of fhe proxi¬ 
mal IP join! of fhe liffle finger or ring finger, or bofh, 
along wifh hyperexfension of fhe MCP joinfs of 
fhese digifs. 
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Ulnar nerve lesions at the elbow may signifi¬ 
cantly affect a patient's fine mofor funcfion. The 
pinch sfrengfh befween fhe fhumb and fingers may 
be reduced due fo weakness of fhe adductor polli- 
cis, ulnar innervafed porfion of fhe flexor pollicis 
brevis, and firsf dorsal inferosseous. The adducfor 
pollicis and flexor pollicis brevis muscles normally 
sfabilize fhe fhumb MCPjoinf. Aposifive Fromenf's 
sign occurs when a pafienf uses fhe acfion of fhe 
flexor pollicis longus muscle (acfive flexion af fhe 
fhumb IP joinf), fo compensafe for weakness of fhe 
firsf dorsal inferosseous or adducfor pollicis muscle 
or bofh when affempfing fo perform a laferal pinch 
maneuver. 

In fhe presence of ulnar neuropafhy af fhe elbow, 
fhere is weakness of fhe flexor digiforum profun¬ 
dus muscles of fhe liffle finger and ring finger, as 
well as weakness of fhe ulnar innervafed hand in- 
frinsics. This resulfs in bofh decreased hand grip 
power and impaired coordinafion in fine mofor 
fasks, especially fhose requiring precision. Power 
grasp is approximafely 100 fo 140 lbs of pressure in 
an adulf male and 50 fo 60 lbs in an adulf female. 
The dominanf hand normally generafes 15% fo 20% 
more pressure fhan fhe nondominanf limb.'‘“ A 
pafienf's power grasp sfrengfh may drop fo as low 
as 20% fo 25% of normal in fhe presence of a severe 
ulnar nerve lesion. 

One reason why some pafienfs lack coordinafion 
when performing fine mofor fasks is fhaf weakness 
of fhe inferosseous muscles compels fhem fo ini- 
fiafe digif flexion af fhe MCP joinfs wifh fhe long 
finger flexors rafher fhan fhe inferossei. As fhe in¬ 
ferosseous weakness progresses, a pafienf may de¬ 
velop variable degrees of a claw hand deformify 
involving fhe ring and liffle fingers. 

Etiology. Ulnar nerve lesions af fhe elbow may 
occur as fhe resulf of susfained exfernal pressure, 
direcf frauma, chronic subluxafion, or bony or scar 
impingemenf. 

As previously menfioned, cubifal funnel syn¬ 
drome refers fo enfrapmenf of fhe ulnar nerve by 
fhe aponeurosis of fhe flexor carpi ulnaris. This syn¬ 
drome should be enferfained when ulnar sensory 
or mofor deficifs or bofh develop wifhouf a readily 
idenfifiable cause. The cubifal funnel narrows and 
fhe medial collaferal ligamenf bulges medially wifh 
elbow flexion. This accounfs for why repefifive or 
susfained elbow flexion is implicafed as a precipi- 
fafing or exacerbafing facfor in some pafienfs wifh 
sympfoms of ulnar nerve compression. 

Classic fardy ulnar nerve may occur when fhere 
is chronic sfrefch of fhe nerve secondary fo a cubi- 
fus valgus deformify. This elbow malalignmenf of- 



Fig. 9-68. Comminuted intracondylar distal humeral frac¬ 
ture, which may be associated with ulnar nerve injury. 
Radiograph courtesy of MAJ Aron M. Judkiewicz, M.D., 
Department of Radiology, Walter Reed Army Medical 
Center, Washington, DC. 

ten occurs after a capitular fracture with arrest of 
laferal humeral epiphyseal growfh. A cubifus val¬ 
gus deformify and fardy ulnar nerve palsy may also 
occur following a supracondylar fracfure.^^^ A com¬ 
pressive lesion af fhe elbow may affecf differenf 
fascicles of fhe ulnar nerve. The mosf commonly 
affecfed are fhe fascicles carrying fhe fibers fo fhe 
ferminal digifal nerves and infrinsic hand muscles 
rafher fhan fo fhe forearm muscles.Fibers des- 
fined for fhe flexor carpi ulnaris are more laferal 
and posferior fhan fhe fibers fo more disfal muscles 
and are, fherefore, more profecfed againsf frauma 
or compression. 

Exfernal pressure from frauma (Figure 9-68) or 
bony or soff fissue compression af fhe elbow, 
can be eifher acufe or chronic and may be recurrenf 
or susfained. Ahosf of efiologies have been idenfi- 
fied as a cause of ulnar neuropafhy af fhe el- 

• Recurrenf frauma 

• Direcf, blunf frauma, including elbow frac- 
fure and/or dislocafion 

• Recurrenf subluxafions 

• Cubifus valgus deformify 

• Ganglia 

• Goufy tophus 

• Accessory or aberranf anconeus muscle 
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• Synovial cyst 

• Callus formation secondary to elbow frac¬ 
ture 

• Posttraumatic calcification 

• Scar formation post dislocation or other 
trauma 

• Anomalous vessels, fibrous bands, or fu- 
mors af fhe elbow 

Ulnar neuropafhy af fhe elbow has been associ- 
afed wifh rheumafoid arfhrifis.®^^ If has also been 
documenfed in bedridden pafienfs.^^Chan ef aP^^ 
discovered fhaf ulnar neuropafhy tended to occur 
most often on the nondominant side in laborers, pre¬ 
sumably because of fheir fendency fo resf on fheir 
nondominanf elbows for supporf while performing 
wifh fhe dominanf arm. 

Differenfial diagnosis of ulnar neuropafhy af fhe 
elbow includes exclusion of an ulnar nerve lesion 
af fhe wrisf. In fhe laffer case, normal or only mildly 
slowed nerve conducfion velocify would be presenf 
across fhe elbow or in fhe forearm segmenf, while 
slowing across fhe wrisf would be presenf. Also, fhe 
dorsal cufaneous NCS would be normal wifh wrisf 
lesions in confrasf fo fhe abnormal ulnar sensory 
nerve conducfion across fhe wrisf. In more severe 
ulnar injury af fhe wrisf, EMG abnormalities would 
be present in ulnar innervated hand intrinsics while 
sparing the ulnar innervated forearm muscles. TOS, 
C-8/T-1 radiculopafhy, high (more proximal) ulnar 
nerve lesion, medial cord lesion (eg, secondary fo a 
superior sulcus fumor), syringomyelia, and early 
amyofrophic laferal sclerosis may also require ex¬ 
clusion. 

Electrodiagnosis. Simpson^*' has been credifed 
wifh being the first to demonstrate that slowed con¬ 
duction across the elbow segment is helpful in lo¬ 
calizing an ulnar nerve lesion af fhe elbow. Slow¬ 
ing of fhe ulnar mofor nerve conducfion velocify 
across the elbow segment is the most specific diag- 
nosfic criferion for idenfifying an ulnar compres¬ 
sion neuropafhy af fhe elbow.Alfhough if 
may be helpful fo compare the conduction velocity 
across the elbow segment with that obtained in the 
above- and below-elbow segments, the absolute 
conduction velocity is felt to be a more sensitive in¬ 
dicator of ulnar conducfion abnormalify fhan the 
relative velocity.The degree of slowing, how¬ 
ever, does nof necessarily correlafe wifh severify.'*^^ 

Focal demyelinafion injury of fhe ulnar nerve af 
fhe elbow will cause femporal dispersion of fhe 
CMAP when sfimulafion occurs proximal fo fhe le¬ 
sion. A decrease in amplifude may also be seen. A 
decrease in amplitude of greafer fhan 10% is felf to 


be abnormal.®^® In a study by Pickett and Coleman,®^® 
a decrease in amplitude of greafer fhan 25%, wifh 
sfimulafion proximal fo fhe elbow compared fo dis- 
fal fo fhe elbow, was fhe besf criferion for confirm¬ 
ing an ulnar nerve conducfion deficif across fhe el¬ 
bow. 

Whenever assessing amplitude changes with 
median and ulnar NCSs, it is important not to over¬ 
look the possible presence of a Marfin-Gruber anas¬ 
tomosis, seen in up to 20% of fhe populafion (Fig¬ 
ure 9-69). In fhis anomaly, some nerve fibers from 
fhe median nerve cross over fo the ulnar nerve in 
the forearm and course wifh the ulnar nerve fibers 
fhrough Guyon's canal. This process will resulf in 
a larger ulnar CMAP amplifude wifh sfimulafion 
af fhe wrisf rafher fhan af fhe elbow, which, in furn, 
may cause an erroneous assumpfion fhaf fhere has 
been an amplifude drop due fo a parfial conduc¬ 
fion block af the elbow. Assuming that there is not 



Fig. 9-69. Martin-Gruber anastomosis. Fascicles from the 
median nerve cross over in the forearm and run with the 
ulnar nerve. Stimulation of the median nerve at the wrist 
will generate a compound motor unit action potential 
(CMUAP) of lower amplitude than stimulation at the el¬ 
bow. Stimulation of the ulnar nerve at the wrist will evoke 
a larger amplitude than stimulation around the elbow. 
Adapted with permission from Liveson JA. Peripheral 
Neurology: Case Studies in Electrodiagnosis. 2nd ed. Phila¬ 
delphia, Pa: FA Davis Co; 1991: 27. 
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a concomitant ulnar neuropathy actually present at 
the elbow, a similar small CMAP amplitude would 
be obtained with stimulation below and above the 
elbow in the presence of a Martin-Gruber anasto¬ 
mosis. 

When performing ulnar NCSs across fhe elbow, 
if is imporfanf fo mainfain a consisfenf elbow posi- 
fion as fhe lengfh of fhe nerve changes wifh move- 
menf of fhe arm info differenf posifions. While dif- 
ferenf angular elbow posifions have been advo- 
cafed, Bielawski and Hallef®^^ observed no major 
difference in fhe abilify fo diagnose a lesion af fhe 
elbow befween flexed or exfended posifions. They 
did, however, sfress fhaf fhe same fechnique should 
be used consisfenfly by physicians in fhe same elec- 
frodiagnosfic laborafory. If is also crucial fo avoid 
too shorf an infersfimulus disfance in order fo pre- 
venf inaccurafe conducfion velocify calculafions. 
Some argue fhaf fhe cafhode for below-elbow sfimu- 
lafion should be af leasf 4 cm disfal fo fhe medial 
epicondyle and fhe above-elbow sfimulus sife af 
leasf 10 cm proximal fo fhe below-elbow sife.^^^ 
Adherence fo fhis fechnique helps fo ensure fhaf fhe 
focal sife of compression is included in fhe across- 
fhe-elbow segmenf and fhaf a sufficienfly long seg- 
menf is assessed. If is parficularly imporfanf if cu- 
bifal funnel syndrome is suspecfed, as fhe sife of 


nerve consfricfion is felf fo be 1.5 fo 3.5 cm disfal fo 
fhe medial epicondyle.^” Surface pickup over fhe 
abductor digifi minimi muscle is fhe mosf common 
fechnique for ulnar motor sfudies. However, if may 
be preferable fo place fhe surface pickup elecfrode 
over fhe firsf dorsal inferosseous muscle insfead, 
because motor fibers fo fhis muscle are more likely 
fo be involved in an ulnar nerve lesion af fhe el¬ 
bow, and fhus more likely fo demonsfrafe conduc¬ 
fion slowing or block.™ 

A decrease in fhe ulnar SNAP amplifude ob- 
fained disfally across fhe wrisf confirms fhe pres¬ 
ence of an ulnar nerve lesion and correlafes wifh 
severify, buf, as an isolafed finding, is of no localiz¬ 
ing value.If fhe ulnar dorsal cufaneous SNAP 
is unobfainable or ifs amplifude reduced, parficu¬ 
larly if ifs lafency is wifhin normal limifs, if is sup- 
porfive of a more proximal ulnar nerve lesion. How¬ 
ever, if cannof be used fo definifely localize fhe sife 
fo fhe elbow area. Because fhe amplifude of a SNAP 
reflecfs fhe number of funcfioning nerve fibers, a 
decreased SNAP amplifude indicafes more severe 
injury and possibly a poorer prognosis.^^^'™ 

Recenfly, a shorf segmenf incremenfal sfudy of 
fhe ulnar nerve across fhe elbow has been shown 
fo be a sensifive fool in furfher localizing areas of 
enfrapmenf®^® (Figure 9-70). Sfimulafion af 1-cm in- 



Fig 9-70. Short segment incremental study of 
the ulnar nerve across the elbow. A 1.2-ms la¬ 
tency delay was observed 2 cm distal to the 
medial epicondyle. The finding suggested 
compression at the cubital tunnel. Tracing 
courtesy of CPT Ronald T. Stephens, M.D., 
Physical Medicine and Rehabilitation Elec¬ 
trodiagnostic Laboratory, Walter Reed Army 
Medical Center, Washington, DC. 
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crements along the path of the ulnar nerve, extend¬ 
ing above and below the elbow, enabled the differ¬ 
entiation of enfrapmenf af fhe refroepicondylar 
groove from enfrapmenf af fhe humeroulnar apo- 
neurofic arcade (cubifal funnel). A lafency change 
over a 1-cm segmenf of greafer fhan 0.4 ms was 
found fo be significanf. Lafency delays af fhe me¬ 
dial epicondyle reflecfed enfrapmenf af fhe refro¬ 
epicondylar groove. Slowing 1 fo 3 cm disfal fo fhe 
medial epicondyle was consisfenf wifh compression 
in fhe cubifal funnel. Lafency prolongafion af a fo¬ 
cus more disfal fhan 3 cm was felf fo be secondary 
fo enfrapmenf af fhe exif from beneafh fhe flexor 
carpi ulnaris.®'* 

Elecfromyography is nof as sensifive as NCSs in 
idenfifying and localizing an ulnar nerve lesion af 
fhe elbow. However, if can be a useful adjuncf fo 
fhese sfudies, parficularly if EMG abnormalifies 
suggesfive of denervafion acfivify are found in bofh 
fhe ulnar innervafed forearm and hand muscles. 
Elecfromyography may also be helpful in exclud¬ 
ing a C-8/T-1 radiculopafhy. 

Treatment. Conservafive managemenf is appro- 
priafe for pafienfs wifh mild symptoms. This in¬ 
cludes nof resfing on fhe elbow (especially when 
flexed), as well as avoidance of susfained or exfreme 
elbow flexion and acfivifies requiring repefifive 
flexion and exfension of fhe elbow. Some advocafe 
use of an elbow splinf, such as orfhoplasf splinfs or 
long-arm, bivalved casfs fo mainfain fhe elbow in 
exfension or parfial flexion, buf folerance and com¬ 
pliance may be a problem. A well-cushioned elbow 
pad is well folerafed and minimizes fhe opporfu- 
nify for inadverfenf frauma fo fhe elbow. A lumbri- 
cal bar orfhofic is prescribed for selecfed pafienfs 
showing signs of developing a claw-hand deformify 
or who already demonsfrafe fhis deformify buf have 
nof yef developed fixed confracfures. This parficu- 
lar orfhofic is helpful in prevenfing progression of 
fhe deformify, parficularly if used in combinafion 
wifh daily range-of-mofion exercises of fhe involved 
digifs. 

Various surgical procedures are available fo freaf 
ulnar neuropafhy af fhe elbow. These include re¬ 
lease of fhe flexor carpi ulnaris aponeurosis, me¬ 
dial epicondylecfomy, and anferior fransplanfafion 
of fhe nerve fo a subcufaneous posifion or under 
fhe flexor and pronator muscles Surgical manage¬ 
menf is indicafed for pafienfs wifh persisfenf or pro¬ 
gressive signs and sympfoms of ulnar neuropafhy, 
parficularly progressive weakness, despife a frial 
of conservafive managemenf. 

In fhe evenf cubifal funnel syndrome is idenfi- 
fied, a cubifal funnel release may be sufficienf fo 


relieve sympfoms. Cubifal funnel release involves 
fhe release of fhe flexor carpi ulnaris aponeurosis. 
When indicafed, if has fhe advanf age of being a rela- 
fively simple procedure wifh low morbidify. If can 
be done under local anesfhesia and does nof require 
posfoperafive splinfing. If is nof, however, recom¬ 
mended for pafienfs wifh osseous or joinf pafhol- 
ogy af fhe elbow or for fhose wifh congenifal sub- 
luxafion of fhe nerve. 

For pafienfs who fail fo receive safisfacfory re- 
sulfs from a simple release, a medial epicondyl¬ 
ecfomy or anferior fransplanfafion may be war¬ 
ranted.®^® Excision of fhe medial epicondyle removes 
a pofenfial or acfual cause of nerve compression, 
requiring less dissecfion wifh less chance of injur¬ 
ing nerve branches fhan fhe anferior fransplanfa¬ 
fion procedure. The disadvanfage is fhaf fhe ulnar 
nerve is sfill in a subcufaneous posifion and, fhere- 
fore, remains vulnerable fo frauma. 

Posfoperafively, fhe elbow is profecfed wifh a 
posferior splinf for fwo weeks, af which fime gen- 
fly progressive range-of-mofion exercises are insfi- 
fufed. Resulfs have generally been good wifh fhis 
procedure.^^'®^”"®^^ 

Anferior fransplanfafion is designed fo remove 
fhe ulnar nerve from compressive forces in fhe cu¬ 
bifal funnel. The nerve is placed in a less vulner¬ 
able, anferior posifion. This posifion also decreases 
fhe fension on fhe nerve during elbow flexion and 
places fhe nerve in a well-vascularized infermus- 
cular bed. Anferior fransplanfafion is, however, a 
more challenging procedure fhan eifher fhe simple 
release or medial epicondylecfomy. Since if involves 
use of a large skin flap, fhere is a risk of injury fo 
fhe posferior branch of fhe medial antebrachial cu- 
faneous nerve. 

Excepf in fhose rare cases where isolated cubifal 
funnel syndrome is idenfified and simple cubifal 
funnel release is sufficienf, Dawson and col- 
leagues'^^^ prefer medial epicondylecfomy fo eifher 
fhe subcufaneous or submuscular anferior franspo- 
sifion procedure. If is specifically preferred because 
of ifs relafively good success rate and because if 
requires less dissecfion and devascularizafion of fhe 
nerve. 

Ulnar Neuropathy at the Wrist 

Anatomic considerations. Af fhe level of fhe 
wrisf, fhe ulnar nerve passes fhrough a closed space 
referred fo as Guyon's canal (Figure 9-71). Wifhin 
fhe canal, fhe nerve passes over fhe fransverse car¬ 
pal ligamenf. The volar carpal ligamenf roofs fhe 
nerve af fhis poinf. The pisiform and fhe hook of 
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Fig. 9-71. Guyon's canal and its relationship to the distal 
branches of the ulnar nerve. Adapted with permission 
from Liveson JA. Peripheral Neurology: Case Studies in Elec¬ 
trodiagnosis. 2nd ed. Philadelphia, Pa: FA Davis Co; 1991: 
31. 

the hamate form its bony margins. The ulnar artery 
and vein also pass through Guyon's canal. The ul¬ 
nar nerve branches into its terminal superficial and 
deep branches within the canal. 

The superficial terminal branch of the ulnar nerve 
supplies the palmaris brevis, innervates the skin on 
the distal medial aspect of the palm, and gives off 
two palmar digital nerves. In the majority of cases, 
the ulnar nerve provides sensory innervation to the 
little finger and the medial half of the ring finger. 
In a minority, sensation is provided to the little and 
ring fingers and the medial half of the middle fin¬ 
ger. The deep terminal branch supplies the hypo- 
thenar muscles (abductor digit! minimi, flexor digit! 
minimi brevis, and opponens digit! minimi) and 
then dives into the palm under the flexor tendons 
to supply the palmar and dorsal interossei, the third 
and fourth lumbricals, a portion of the flexor polli- 
cis brevis, and finally the adductor pollicis. 

The palmar cutaneous branch of the ulnar nerve 
arises at 7 cm proximal to the wrist, descends near 
the ulnar artery, pierces the deep fascia, and sup¬ 
plies the skin over the hypothenar eminence. The 
dorsal cutaneous ulnar nerve branch arises 5 to 10 
cm above the wrist, passes posteriorly deep to the 
tendon of the flexor carpi ulnaris, pierces the deep 
fascia, and supplies the skin on the medial dorsum 
of the hand, as well as the dorsum of the little and 
ring fingers and the medial dorsum of the middle 
finger (Figure 9-72). 

The most common site of ulnar nerve compres¬ 
sion at the wrist is within Guyon's canal.The 
nerve is also vulnerable to compression just proxi¬ 


mal or distal to the canal. Rarely, an isolated com¬ 
pression injury of the dorsal ulnar cutaneous nerve 
may occur proximal to the wrist. 

Clinical presentation. The distribution of sensory 
impairment and weakness is dependent on the level 
of ulnar nerve compression injury. If there is total 
ulnar sensory loss involving both the dorsal and 
palmar surfaces of the medial aspect of the hand, 
as well as the fourth and fifth digits, along with 
weakness of all ulnar innervated hand intrinsics, 
then a lesion proximal to the wrist is suspected. 

A lesion within Guyon's canal will spare the sen¬ 
sory distribution of the palmar cutaneous branch 
and the dorsal ulnar cutaneous branch. If a lesion 
occurs proximal in the canal, however, it may cause 
sensory impairment in the distal medial aspect of 
the palm and the volar surfaces and tips of the 
fourth and fifth digits. It may also cause weakness 
of the hypothenar muscles, as well as the interossei, 
third and fourth lumbricals, flexor pollicis brevis 
(deep head), and adductor pollicis. 

Compression injury isolated to sensory fibers 
within Guyon's canal can occur. In this case, sen¬ 
sation is preserved in the distribution of the dorsal 
ulnar cutaneous and palmar cutaneous branches, 
but sensory loss typically occurs on the volar as¬ 
pect of the little finger and medial half of the ring 
finger. With a lesion more distal in the canal, at or 
distal to the hook of the hamate, innervation to 



Fig. 9-72. The dorsal cutaneous branch of the ulnar nerve 
with electrode placement for sensory nerve conduction 
studies. Adapted with permission from Ma DM, Liveson 
JA. Nerve Conduction Handbook. Philadelphia, Pa: FA 
Davis Co; 1985: 178. 
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hypothenar muscles is preserved, but other 
ulnar-innervated hand intrinsic muscles will be 
weak. 

A lesion of the deep palmar branch of the ulnar 
nerve, distal to Guyon's canal, will spare the hy¬ 
pothenar muscles and all ulnar sensory fibers. How¬ 
ever, it will cause weakness of fhe remaining 
ulnar-innervafed hand infrinsics, including fhe 
fourfh and fiffh lumbricals, inferossei, flexor pol- 
licis brevis (deep head), and adducfor pollicis 
muscles. 

Based on fhe aforemenfioned potenfial sifes of 
ulnar nerve compression af or near fhe wrisf, pa- 
fienfs may have mixed motor and sensory deficifs, 
isolafed sensory loss, or pure motor deficifs. Wrisf 
pain wifh radiafion proximal or disfal may occur. 
There may be nocfurnal exacerbafions and cold in- 
folerance. Clinical examinafion may reveal local 
swelling, indurafion, and a palpable mass, or a posi- 
five TineTs sign or bofh. 

Etiology. A mulfifude of causes of ulnar nerve 
compression af or disfal to fhe wrisf have been re- 
porfed. Exfrinsic pressure in fhe form of repefifive 
frauma, such as experienced in some occupafions 
or sporfs acfivifies, or chronic compression second¬ 
ary to masses, have been documenfed to cause ul¬ 
nar neuropathies of fhe wrisf and hand. 

Hunt,“^ in 1908, was fhe firsf fo idenfify occupa- 
fional frauma as fhe cause of an ulnar compression 
neuropafhy, specifically a neurifis of fhe deep pal¬ 
mar branch of fhe ulnar nerve. Chronic compres¬ 
sion neuropafhy of fhe ulnar nerve may occur in 
pipe cuffers, mefal polishers, mechanics, and pro¬ 
fessional cyclisfs.^“ In fhe cyclisfs, ulnar neuropa¬ 
fhy has been affribufable fo chronic pressure from 
leaning on fhe handlebars.®^®'®*’A variefy of causes 
of ulnar nerve compression af or disfal fo fhe wrisf 
have been reporfed®^^”®^^: 

• Occupafional frauma 

• Bicycling (handlebar palsy) 

• Edema 

• Wrisf fracfure 

• Ganglion 

• Calcium deposifs 

• Tumor 

• Fibrous band 

• True aneurysms 

• False aneurysms 

• Rheumatoid synovial cysf 

An alfernafe lisf of causes has been documenfed 
by Shea and McClain®^® in order of highesf fo low- 
esf occurrence among 137 pafienfs: 


• Ganglia 

• Occupafional Neurifis 

• Lacerafion 

• Ulnar arfery disease 

• Arferifis 

• Thromboangiifis 

• Fracfure of carpal bones 

• Soff fissue confracfures 

• Fracfure of mefacarpal bones 

• Fracfure of radius 

• Aberranf muscles 

• Neurolemoma 

• Anomalous relationship of nerve fo Guyon's 
canal 

• Pisiform bursifis 

• Carpal osfeoarfhrifis 

• Accessory ossicle 

• Dislocafion of disfal ulna 

• Lipoma 

• Hemophiliac cysf 

• Dislocafion of pisiform 

Differenfial diagnosis of ulnar neuropafhy af the 
wrist includes C-8, T-1 radiculopathy, TOS, amyo¬ 
trophic lateral sclerosis, ulnar neuropathy at the 
elbow or in the forearm, GTS, and isolafed fracfures 
of fhe carpal bones. Ulnar neuropafhy in fhe wrisf 
area may be due fo fracfures of fhe mefacarpals, 
pisiform, or body or hook of fhe hamafe. Thus, fhese 
fracfures should be excluded when a patienf has a 
hisfory of frauma to the wrist, point tenderness over 
the affected carpal or metacarpal bones, and ulnar 
nerve sensory and especially motor deficits. In the 
event of a fracfure of fhe pisiform or hook of fhe 
hamafe, special radiologic views, including a car¬ 
pal tunnel view, lateral tomograms, or oblique 
views of fhe hand, will be necessary fo idenfify fhese 
fracfures as, convenfional radiograph views are 
fypically negafive. 

Electrodiagnosis. The mosf common ulnar mo¬ 
tor NCS performed across fhe wrisf is stimulation 
af fhe wrisf wifh surface pickup af fhe abducfor 
digifi minimi. However, fhe mosf common sife of 
ulnar nerve compression in fhe wrisf area involves 
fhe deep palmar branch disfal fo fhe branch fo fhe 
abducfor digifi minimi. Thus, nerve conduction fo 
fhe abducfor digifi minimi alone is nof sufficienf fo 
exclude an ulnar mofor neuropafhy in fhe wrisf re¬ 
gion. Motor nerve conducfion across fhe wrisf fo 
fhe firsf dorsal inferosseous, however, would dem- 
onsfrafe a prolonged lafency or unobfainable 
evoked response in fhe presence of compression of 
fhe deep palmar branch. Elecfromyography, in fhis 
case, would be normal in fhe hypofhenar muscles 
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but show evidence of denervation activity in other 
ulnar-innervated hand intrinsics. 

In more proximal lesions within Guyon's canal, 
ulnar motor nerve conduction to both the abductor 
digiti minimi and the first dorsal interosseous 
would be absent or prolonged and EMG evidence 
of denervation activity could be detected in all ul¬ 
nar-innervated hand intrinsics. 

If an ulnar nerve lesion is sufficiently proximal 
within Guyon's canal or proximal to Guyon's ca¬ 
nal, then both the deep and superficial terminal 
branches of the ulnar nerve may be involved. In this 
case, both ulnar motor and sensory NCSs would be 
abnormal. Ulnar sensory studies, either orthodro¬ 
mic or antidromic, would reveal a prolonged la¬ 
tency or absent SNAP. If obtainable, the SNAP may 
also be reduced in amplitude. Ulnar nerve lesions 
at or distal to the wrist spare the dorsal ulnar cuta¬ 
neous nerve. Thus, sensory nerve conduction of this 
nerve may have localizing value. 

Isolated compression neuropathy of the ulnar 
sensory fibers is the least common type of nerve 
lesion at the wrist.If present, only the ulnar sen¬ 
sory nerve conduction across the wrist is abnormal, 
manifest by a prolonged latency, reduced SNAP 
amplitude, or unobtainable response. 

The dorsal ulnar cutaneous branch neuropathy 
is uncommon. When it occurs, it is usually second¬ 
ary to blunt trauma or lacerations. It is less likely to 
be injured than the superficial radial nerve since it 
lies in a more protected position and because it 
is subject to less iatrogenically induced surgi¬ 
cal trauma. In the event this nerve is injured, isolated 
abnormality of the dorsal ulnar cutaneous NCS will 
be present, manifest by a prolonged latency, re¬ 
duced SNAP amplitude, or unobtainable response. 

Treatment. Treatment of ulnar compression inju¬ 
ries in the region of the wrist depend on the site, 
etiology, and duration of the lesion. Conservative 

NERVE INJURIES AND ENTRAPMENT N 
Lumbosacral Plexopathy 
Anatomic Considerations 

The lumbar plexus is produced by the union of 
the ventral rami of the first three lumbar nerves and 
the greater part of the fourth. There is a contribution 
from the subcostal nerve as well. The lumbar plexus 
lies anterior to the lumbar vertebral transverse pro¬ 
cesses. It is embedded in the posterior aspect of the 



Fig. 9-73. Lumbrical bar hand orthosis compensates for 
weakness of the ulnar innervated lumbrical muscles and 
limits metacarpophalangeal hyperextension, placing the 
fingers in a functional position. 


management is reserved for mildly symptomatic 
patients. This includes relative rest in the event of 
isolated trauma or avoidance of repetitive or chronic 
compressive trauma. In certain predisposing occu¬ 
pations, relative rest or modifications, such as pad¬ 
ded gloves when performing work, may be suffi¬ 
cient to relieve symptoms. 

In the event a patient experiences extrinsic 
trauma that does not respond to conservative man¬ 
agement, surgical intervention may be indicated. 
This may include exploration and decompression 
or neurolysis, or both. Tumors and ganglia are re¬ 
moved. A fracture of the hook of the hamate is ex¬ 
cised in combination with decompression and neu¬ 
rolysis of the nerve. A fracture of the pisiform may 
also require excision. 

If clawing of the lateral two digits occurs second¬ 
ary to weakness of ulnar-innervated intrinsic 
muscles, a lumbrical bar orthotic may be helpful in 
preventing fixed contractures (Figure 9-73). This is 
most successfully employed when used in conjunc¬ 
tion with daily range-of-motion exercises of the af¬ 
fected digits. 

ROPATHIES IN THE LOWER EXTREMITY 

psoas major muscle. The lower part of the ventral ra¬ 
mus of the fourth lumbar nerve joins the ventral ra¬ 
mus of the fifth to form the lumbosacral trunk.'*^^ 

The sacral plexus is formed by the lumbosacral 
trunk and the ventral rami of the first three sacral 
nerves and the upper part of the fourth sacral ra¬ 
mus. The sacral plexus gives rise to multiple 
branches prior to the greater sciatic foramen. Its 
remaining fibers emerge from the greater sciatic 
foramen as the sciatic nerve (Figure 9-74).^^^ 
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Fig. 9-74. The lumbar and sacral plexuses. Adapted with permission from Liveson JA. Peripheral Neurology: Case 
Studies in Electrodiagnosis. 2nd ed. Philadelphia, Pa: FA Davis Co; 1991: 47. 


Clinical Presentation 

Lumbosacral plexopathies usually occur second¬ 
ary to trauma. Thus, onset of weakness is typically 
acute with variable distribution and severity of 
weakness and sensory deficifs depending on fhe 
specific porfion of fhe plexus injured. Hyporeflexia 
or areflexia may also be presenf in fhe affecfed limb 
af fhe pafella or ankle or bofh, depending upon sife 
and exfenf of nerve pafhology. Bowel or bladder 
dysfuncfion may occur if fibers from fhe lower sac¬ 
ral nerve roofs are injured. 

Etiology 

Lumbosacral plexopafhies are uncommon. Two 
of fhe mosf common causes include pelvic fracfures 
and refroperifoneal hemorrhage. Pelvic fracfures 


usually injure fhe sciafic nerve wifh fhe peroneal 
componenf mosf significanfly affecfed. However, 
fracfure of fhe pelvic ring or a fracfure near fhe sac¬ 
roiliac joinf may direcfly damage fhe plexus or one 
or more of ifs branches (Figure Such 

fracfures have been recorded fo occur as a compli- 
cafion of cancer or posfradiafion fherapy.®^'’ 

Electrodiagnosis 

Elecfromyography is fhe mosf helpful elecfrodi- 
agnosfic fesf. Findings consisfenf wifh denervafion 
acfivify can be demonsfrafed by sampling clinically 
weak muscles of fhe affecfed exfremify. An EMG of 
fhe lumbosacral paraspinals, on fhe ofher hand, will 
be normal unless bofh nerve roofs and plexus are 
concomifanfly involved. If sensory deficifs are 
presenf in fhe disfribufion of fhe laferal femoral 
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Fig. 9-75. Fractures of the left ileum and right and left 
ischial arches, associated with traumatic lumbosacral 
plexopathy. Radiograph courtesy of MAJ Aron M. 
Judkiewicz, M.D., Department of Radiology, Walter Reed 
Army Medical Center, Washington, DC. 


cutaneous, saphenous, or sural nerves, sensory NCS 
of these nerves may be supportive of a plexopathy 
if they are abnormal, assuming the clinical exami¬ 
nation and EMG also suggest a plexopathy. The sen¬ 
sory action potentials of these nerves may be at¬ 
tenuated in amplitude or unobtainable in the pres¬ 
ence of a plexopathy affecting their nerve fibers. The 
soleus H-reflex may also be supportive if prolonged 
or unobtainable, assuming an S-1 radiculopathy has 
been excluded clinically or electrodiagnostically. 

Sciatic Neuropathy 

Anatomic Considerations 

The fourth lumbar to the third sacral roots con¬ 
tribute to the formation of the sciatic nerve (Figure 
9-76). The nerve lies anterior to the piriformis in 
the lesser pelvis. In the majority of cases, the nerve 
passes below the piriformis muscle. In a small per¬ 
centage, it passes through the piriformis. The nerve 
then courses laterally beneath the gluteus maximus 
and passes along the posterior surface of the is¬ 
chium. It then runs midway between the ischial 
tuberosity and the greater trochanter and down¬ 
ward over the gemelli, the obturator internus ten¬ 
don, and the quadratus femoris. The latter muscle 
separates the sciatic nerve from the hip joint. The 
nerve then enters the posterior thigh beneath the 
lower border of the gluteus maximus. 

The sciatic nerve courses down the middle of the 
posterior thigh. At a point just above the apex of 


the popliteal fossa, it is overlapped by the margins 
of the biceps femoris and semimembranosus 
muscles. In the great majority of cases, the sciatic 
nerve divides into its tibial and peroneal branches 
near the apex of the popliteal fossa. In a smaller per¬ 
centage, the nerve divides into these two branches 
more proximally. In rare cases, the tibial and pero¬ 
neal branches arise independently from the sacral 
plexus and course in parallel until they reach the 
apex of the popliteal fossa where they divide. 

The sciatic nerve supplies an articular branch to 
the hip. It also supplies branches to the semimem¬ 
branosus, semitendinosus, ischial head of the ad¬ 
ductor magnus, and to both heads of the biceps 
femoris. The branch to the short head of the biceps 
femoris actually arises from the peroneal portion 
of the sciatic nerve. All other posterior thigh 
muscles innervated by the sciatic nerve arise from 
the tibial division. 

In injuries involving the sciatic nerve, the pero¬ 
neal nerve fibers are more often and more severely 
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Fig. 9-76. The sciatic nerve with its distal branches. 
Adapted with permission from Liveson JA. Peripheral 
Neurology: Case Studies in Electrodiagnosis. 2nd ed. Phila¬ 
delphia, Pa: FA Davis Co; 1991: 49. 
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affected than the tibial fibers. This is explained by 
the fact that the peroneal division contains fewer 
and larger funiculi and has less adipose tissue avail¬ 
able to protect the nerve from trauma. 

Etiology 

Entrapment of the sciatic nerve as it passes 
through the piriformis or between the piriformis 
and underlying gemelli, is a well known but clini¬ 
cally rare entity.®^® The piriformis syndrome is pre¬ 
sumed to result from compression of the sciatic 
nerve between the two tendinous heads of the 
pirformis muscle. Irritation of the nerve may also 
occur with provocative positioning, especially 
flexion-adduction-internal rotation. 

Other potential causes of sciatic neuropathies 
include retroperitoneal hemorrhage,®^® fibrous 
bands spanning the biceps femoris and adductor 
magnus,®®° and gluteal compartment syndrome.®®^ 
Association with proximal femoral fracture and dis¬ 
location has been documented®®^ and was observed 



Fig. 9-77. Comminuted proximal femur fracture follow¬ 
ing open reduction internal fixation. The patient sus¬ 
tained a concomitant complete sciatic nerve injury. 


during the Persian Gulf War (Figure 9-77). Associa¬ 
tion of sciatic neuropathies with acetabular frac¬ 
tures has been noted to be as high as 13%.®®® Re¬ 
cently, Kaplan and Challenor®®^ observed the devel¬ 
opment of a sciatic neuropathy caused by the de¬ 
velopment of a posttraumatic osseous tunnel sur¬ 
rounding the nerve. Sciatic nerve palsies occur in 
association with total hip replacement in less than 
2% of patients.®®®Its presence, however, significantly 
impacts on the rehabilitation and ultimate func¬ 
tional outcome of these patients. In Schmalzried's 
study, of 36 patients who sustained sciatic nerve in¬ 
juries (followed for 24 months postsurgery), 64% 
had persistent mild neurologic deficits and 16% 
suffered from severe nerve injury.®®® 

Clinical Presentation 

Proximal sciatic neuropathies may manifest in a 
number of ways. Pain in the gluteal region, radiat¬ 
ing down the posterior aspect of the leg and calf 
are characteristic. In the piriformis syndrome, 
symptoms are aggravated by prolonged sitting and 
with resisted external rotation of the hip. Severe 
injury to the sciatic nerve will compromise control 
of the foot and ankle, severely affect knee flexion 
and hip extension, and variably ablate sensation 
below the knee, except in the medial malleolar re¬ 
gion, which is supplied by the saphenous nerve. 

Electrodiagnosis 

Stewart's®®^ criteria for piriformis syndrome can 
be generalized to other proximal sciatic neuropa¬ 
thies. Evidence of denervation in muscle supplied 
by the sciatic nerve including the hamstrings, tibial, 
and peroneal-innervated muscles may be observed. 
Muscles in the same myotomal distribution but in¬ 
nervated by the superior gluteal or inferior gluteal 
nerves are normal. Lumbar paraspinal muscles also 
show no evidence of denervation. The electromyo¬ 
graphic studies are most helpful distinguishing the 
neuropathy from the much more common L-5 and 
S-1 radiculopathies. Nerve conduction studies are 
of lesser utility. Two techniques deserve mention. 
MacLean®®® developed a method for measuring la¬ 
tencies across the sacral plexus as well as the proxi¬ 
mal sciatic nerve. The L-5 and S-1 roots are stimu¬ 
lated just medial and slightly caudal to the poster¬ 
ior superior iliac spine. Recording electrodes are 
placed on the abductor hallicus. Stimulation at the 
root level is followed by near nerve stimulation at 
the sciatic notch. Subtraction of the distal latency 
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from the proximal latency establishes the latency 
across the proximal nerve segment. Normal latency 
obtained by MacLean®® for the sciatic plexus/sci¬ 
atic nerve was less than 5.3 ms (mean plus two stan¬ 
dard deviations). Side-to-side latency differences 
should not be greater than 0.9 ms. Fishman and 
Zybert“® have developed a provocative test that 
measures latency shifts in H-reflexes before and 
during flexion-adduction-internal rotation position¬ 
ing of the hip. 

Femoral Nerve Injury 

Anatomic Consideration 

The posterior divisions of the second, third, and 
fourth lumbar roots entwine at the level of the psoas 
muscle. Piercing the muscle, the femoral nerve 
courses between the iliacus muscle and the psoas 
tendon. The nerve then crosses the pelvic brim, be¬ 
neath the inguinal ligament (Figure 9-78). Before 
entering the femoral triangle, motor branches to the 
quadriceps, sartorius, and pectineus separate off. 
Cutaneous sensory branches arborize across the an- 



Fig. 9-78. The femoral nerve, passing beneath the inguinal 
ligament. Electrode placement for motor nerve conduc¬ 
tion studies are noted. Adapted with permission from 
Ma DM, Liveson JA. Nerve Conduction Handbook. Phila¬ 
delphia, Pa: FA Davis Co; 1985: 190. 



Fig. 9-79. The saphenous nerve, the terminal sensory 
branch of the femoral nerve, passing through the adduc¬ 
tor canal, transmitting sensation from the medial aspect 
of the leg. Adapted with permission from Ma DM, 
Liveson JA. Nerve Conduction Handbook. Philadelphia, Pa: 
FA Davis Co; 1985: 193. 

terior thigh. The saphenous nerve, the terminal branch 
of the femoral nerve, dives deep with the femoral ves¬ 
sels and penetrates the adductor canal. The nerve 
becomes superficial in the popliteal region and ex¬ 
tends along the medial aspect of the leg, providing 
sensation down to the medial malleolus and occa¬ 
sionally to as distal as the great toe (Figure 9-79). 

Etiology 

Retroperitoneal hemorrhage, involving the iliop¬ 
soas muscle is a common cause of this uncommon 
injury (Figure 9-80). Associations with hemophilia 
and anticoagulation are obvious.®*®'’^Traumatic in¬ 
jury to the iliopsoas with subsequent femoral nerve 
injury has been observed following efforts to regain 
balance during severe hyperextension at the 
hip 562,563 related traumas have included falls, 

gunshot wounds, and pelvic fractures.®*^Iatrogenic 
femoral neuropathies have occurred following pel¬ 
vic surgery, attributed to the surgery itself as well 
as to prolonged lithotomy positioning of the pa- 
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Fig. 9-80. Computed tomography of the pelvis revealing 
prominent asymmetry of the right psoas vs the left, con¬ 
sistent with psoas hemorrhage. Soft tissue density ex¬ 
tending along the right ileum is the residua of retroperi¬ 
toneal hemorrhage. Femoral nerve entrapment was as¬ 
sociated with this traumatic injury. 

tient.“^'“® Cases have also been reported of injuries 
occurring after total hip arthroplasty and femoral 
vessel catheterization.®^”®*® 

Clinical Presentation 

Weakness of the knee extensors is repeatedly 
noted as the dominant clinical finding. Weakness 
of the hip flexors and sensory abnormalities along 
the anterior thigh and medial aspect of the lower 
leg are also commonly seen. Severe injuries may 
reveal a loss of the patellar reflex on the affected 
side. 

Electrodiagnosis 

Femoral nerve motor conduction studies have 
been described by Johnson et al.®'’®In the electrodi¬ 
agnostic laboratory Walter Reed Army Medical Cen¬ 
ter, recording electrodes are placed over the vastus 
medialis 32 cm distal to the inguinal ligament. The 
reference electrode is placed 4 cm distal to the ac¬ 
tive electrode. Stimulation below the inguinal liga¬ 
ment is 30 cm from the active electrode. Stimula¬ 
tion above the inguinal ligament is 35 cm from the 
active electrode. The ground electrode is placed 
between the stimulating and active electrodes. Ab¬ 
normal latencies are greater than 7.5 ms and 8.4 ms 
below and above the inguinal ligament, respec¬ 
tively. Proximal, neuropraxic injuries following ili¬ 
opsoas hematomas may not reveal significant find¬ 
ings on the distal motor-evoked potentials, al¬ 
though compression by the inguinal ligament may 


show a conduction delay across the segment. Sen¬ 
sory conductions can be obtained along the saphe¬ 
nous nerve. Stimulation occurs at the intersection 
of the medial gastrocnemius and the tibia. The ac¬ 
tive electrode is placed 14 cm from the stimulation 
point, between the medial malleolus and the tibi¬ 
alis anterior tendon. The reference electrode is 
placed 3 cm distal to the active electrode. Ampli¬ 
tudes less than 0.5 mV and latencies greater than 
4.4 ms are greater than two standard deviations 
from the mean and are considered abnormal.®^" 
Saphenous nerve somatosensory-evoked potentials 
are likely the only helpful conduction study when 
a very proximal conduction block is suspected.®^^ 
An EMG provides a more reliable assessment of 
femoral nerve pathology. Injuries proximal to the 
inguinal ligament will commonly involve the iliop¬ 
soas muscle. Variable abnormalities may be seen 
when the focus of injury lies from just proximal to 
the inguinal ligament to just above the femoral tri¬ 
angle, as many variations of motor branching to the 
quadriceps, pectineus, and sartorius muscles may 
occur in this region. However, at this relatively dis¬ 
tal level, the iliopsoas muscle should be spared. 

Treatment 

Most reports suggest that conservative treatment 
is satisfactory in the majority of patients. Return to 
normal levels of function ranged from several 
months to a year. In the rare situation where retro¬ 
peritoneal hemorrhage leads to progressive weak¬ 
ness, surgical exploration and decompression may 
be warranted. 

Peroneal Nerve Injury 

Anatomic Consideration 

The common peroneal nerve fascicles incorpo¬ 
rate the lateral portion of the sciatic nerve. At a vari¬ 
able level, just above the popliteal region, the sci¬ 
atic nerve splits into its distinct branches, the com¬ 
mon peroneal and tibial nerves (Figure 9-81). The 
common peroneal nerve courses laterally along the 
medial border of the biceps femoris muscle, cross¬ 
ing the proximal end of the lateral gastrocnemius 
muscle. The nerve becomes superficial as it passes 
between the fibular head and the peroneus longus 
muscle. Two branches diverge as the trunk passes 
anteriorly (Figure 9-82). The superficial peroneal 
nerve dives between the peroneus longus and the 
extensor digitorum longus and provides innerva- 
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Fig. 9-81. The sciatic nerve dividing in to common pero¬ 
neal and tibial branches above the popliteal fossa. 
Adapted with permission from Ma DM, Liveson JA. 
Nerve Conduction Handbook. Philadelphia, Pa: FA Davis 
Co; 1985: 201. 

tion to the peroneus longus and brevis. The sen¬ 
sory portion continues distally, becoming superfi¬ 
cial at the distal third of fhe leg. The superficial 
peroneal nerve fransmifs sensafion from fhe anfe- 
rolaferal aspecf of fhe disfal half of fhe leg. Disfal 
branches, including fhe infermediafe and medial 
dorsal cufaneous nerves, supply sensafion fo fhe 
dorsum of fhe foof. Sensafion along fhe firsf web 
space and fhe laferal border of fhe foof is provided 
by fhe deep peroneal and sural nerves, respecfively, 
and nof by fhe superficial peroneal nerve. 

The deep peroneal nerve confinues fo run 
inferomedially along fhe medial aspecf of fhe fibula, 
deep fo fhe exfensor digiforum longus muscle, an- 
ferior fo fhe inferosseus membrane. If provides ar- 
ficular branches fo fhe knee and mofor innervafion 
fo fhe fibialis anferior, exfensor digiforum longus, 
and exfensor hallicus longus muscles. The nerve 
dives beneafh fhe exfensor refinaculum befween fhe 
exfensor hallicus longus and fibialis anferior fen- 
dons. The laferal branch of fhe deep peroneal nerve 
innervafes fhe exfensor digiforum brevis and pero- 



Fig. 9-82. Branches of the common peroneal nerve includ¬ 
ing the deep peroneal, superficial peroneal, and acces¬ 
sory deep peroneal nerves. Adapted with permission 
from Ma DM, Liveson JA. Nerve Conduction Handbook. 
Philadelphia, Pa: FA Davis Co; 1985: 208. 

neus ferfius muscles. The medial branch provides 
sensory innervafion fo fhe firsf web space. 

Etiology 

The course of fhe peroneal nerve makes if par- 
ficularly suscepfible fo bofh compression and 
sfrefch injuries. As if passes beneafh fhe head of fhe 
fibula, if lies infimafely wifh fhe fibular periosfeum 
for 10 cm. The inifial 4 cm are covered only by skin 
and superficial fascia. Passage fhrough a funnel 
formed by fhe peroneus longus muscle, fhe fibula, 
and infermuscular sepfum limifs fhe nerve's longi- 
fudinal excursion fo merely 0.5 cm.While enfrap- 
menf wifhin fhis funnel is exceedingly rare, repefi- 
five injuries may lead fo adhesions, furfher limif- 
ing fhe mobilify of fhe nerve (see Figure 9-82). 

The vasf majorify of common peroneal nerve in¬ 
juries occur af fhe nerve's mosf vulnerable poinf, 
af fhe fibular head. Mild injuries have been nofed 
fo occur sponfaneously.“^'®^^ If is likely, however, 
fhaf fhey developed secondary fo inadverfenf pro- 
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longed compression, possibly from limited move¬ 
ment during sleep, extended or repetitive leg cross¬ 
ing, or kneeling. Persons who have had an abrupt 
loss of weight are felt to be particularly susceptible, 
in light of the loss of protective superficial and 
epineural fat.^^' Ten percent of all sports-associated 
nerve injuries involve the peroneal nerve.Minor 
trauma resulting in peroneal nerve injury during 
participation in sports including soccer, running, 
rugby, racquetball, mountain climbing, and bungee 
cord jumping have been anecdotally reported. 
More severe injuries are associated with more pro¬ 
found trauma. Inversion injury at the ankle gener¬ 
ates traction forces on the peroneal nerve at the fibu- 
lar head. The Nitz et al®^® series revealed a 17% in¬ 
cidence of peroneal nerve injury with grade II lat¬ 
eral ankle sprains and an astonishing 86% incidence 
with grade III injuries. Trauma such as that sus¬ 
tained during motor vehicle accidents, which gen¬ 
erate varus forces at the knee powerful enough to 
disrupt the lateral collateral ligaments, fracture the 
distal femur or proximal tibia, or dislocate the knee, 
commonly injure the peroneal nerve. 

Iatrogenic injuries to the peroneal nerve have also 
been documented. Application of casts and orthoses 
may compress the nerve against the fibular head. 
Prolonged compression due to poor positioning can 
occur during operative procedures. Injury follow¬ 
ing application of sequential pneumatic compres¬ 
sion devices for deep vein thrombosis prophylaxis 
has been reported.®®^ 

Palsy of the deep peroneal branch is a frequent 
complication of external fixation during proximal 
tibial osteotomies, performed as treatment for se¬ 
vere varus deformities.®®^ Limb lengthening through 
application of Ilizarov external fixation requires 
repeated elongation of 0.25 mm every 6 hours.®®® 
The tension-stress developed by distension of the 
fixator stimulates bone formation, a process de¬ 
scribed by Ilizarov as distraction osteogenesis.®®'* 
Stretching of the soft tissues spanning the focus of 
lengthening is a potentially injurious corollary. A 
small series involving patients undergoing tibial 
lengthening revealed mild axonal sensorimotor 
peroneal neuropathies in all subjects.®®® 

The ubiquitous use of arthroscopy in the diag¬ 
nosis and treatment of knee injuries has led to a 
small but significant number of peroneal nerve in¬ 
juries. The rate of serious neurological complica¬ 
tions is low, less than 1% in several retrospective 
studies.®®®'®®^ Rodeo et al®®® suggested that the posi¬ 
tion of the common peroneal nerve at the level of 
the joint line places it at risk during passage of large 
bore needles and especially by suture placement 


during lateral meniscal repair. Esselman and col¬ 
leagues®®® caution that the topography of the com¬ 
mon peroneal nerve at the level of the knee places 
the deep peroneal fascicles at greater risk than the 
superficial peroneal fibers. Great care needs to be 
taken during electrodiagnostic evaluations to pre¬ 
vent the erroneous diagnosis of a more distal le¬ 
sion.®®® 

Clinical Presentation 

Weakness of the ankle dorsiflexors, especially the 
tibialis anterior muscle, is the most profound con¬ 
sequence of injury to the peroneal nerve. Incomplete 
paralysis impairs the ability of the dorsiflexors to 
contract eccentrically during heelstrike. The uncon¬ 
trolled plantar flexion segue to footflat produces the 
foot-slap gait abnormality. Severe or complete pa¬ 
ralysis forces the patient to adopt a steppage gait. 
Exaggerated hip and knee flexion is needed during 
the swing phase to clear the plantar flexed foot.®®® 
Weakness of the foot evertors and toe extensors are 
also commonly found on examination and may 
cause mediolateral instability during the stance 
phase. Sensory deficits were perceived by 79% of 
subjects in Katirji and Wilbourn's®®* study and vari¬ 
ably involved the lateral aspect of the leg and dor¬ 
sum of the foot. 

Electrodiagnosis 

Katirji and Wilbourn's series®®* of over 100 pa¬ 
tients revealed four distinct patterns of peroneal 
nerve injury. Electrodiagnostic studies are essential 
in delineating these injuries, which prognostically 
are very different. They are also key tools in the 
differentiation of peroneal nerve injuries at the fibu¬ 
lar head from more proximal problems including 
sciatic neuropathies, lumbar plexopathies, and L-5 
radiculopathies. 

The most important information can be gleaned 
from the peroneal motor NCS. Active electrodes are 
commonly placed on the extensor digitorum brevis 
muscle. Stimulation is applied just below the fibu¬ 
lar head and at the popliteal fossa. In situations 
where a CMAP cannot be elicited from the exten¬ 
sor digitorum brevis muscle because of atrophy or 
local trauma, electrodes should be placed over the 
tibialis anterior muscle. Of the parameters assessed, 
the amplitude of the evoked potential is of the great¬ 
est utility. Decreased amplitudes above and below 
the fibular head suggest axonal loss, while normal 
amplitudes below the fibular head, but with de¬ 
creased or absent amplitudes at the popliteal fossa. 
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are more indicative of conduction block. Prolonga¬ 
tion of conduction velocities across the fibular head 
of greater than 10 ms relative to more distal con¬ 
duction velocities have been touted as significant. 
They have not, however, been shown to be clini¬ 
cally relevant in terms of dorsiflexor weakness or 
ultimate prognosis. 

Sensory nerve action potentials can be obtained 
by stimulation of the superficial peroneal nerve. The 
active electrode is positioned one finger breadth 
medial to the lateral malleolus. Stimulation is ap¬ 
plied 12 cm proximal to the active electrode, along 
the medial border of the peroneus longus muscle 
and the edge of the fibula.®®^ Again, the amplitude 
of the action potential provides the most significant 
information. Normal amplitudes in the face of foot 
drop suggest either a lesion proximal to the dorsal 
root, conduction block at the fibular head or, less 
commonly, isolated injury to the deep peroneal fas¬ 
cicles with sparing of the superficial fibers. De¬ 
creased amplitudes or inability to obtain a poten¬ 
tial suggests axonal injury. Posterior tibial motor 
and sural sensory NCSs as well as H-reflexes should 
be performed to help differentiate more diffuse and 
proximal etiologies. 

Electromyography is essential in the evaluation 
of peroneal neuropathies. Two muscles innervated 
by the deep branch should be tested, including the 
tibialis anterior and either the extensor hallucis or 
the extensor digitorum brevis. One superficial pero¬ 
neal innervated muscle, either the peroneus longus 
or peroneus brevis should also be examined. Test¬ 
ing of muscles within the L-5 myotome but not in 
the peroneal distribution such as the tibialis poste¬ 
rior or flexor digitorum longus is helpful in deter¬ 
mining the likelihood of more proximal injuries 
such as proximal sciatic neuropathies, lumbar 
plexopathies, and most importantly, L-5 radicu¬ 
lopathies. Electromyographic evaluation of the 
short head of the biceps femoris muscle should al¬ 
ways be performed. Innervated by the peroneal 
portion of the sciatic nerve, it is the only peroneal- 
innervated muscle above the knee. Its involvement 
is exceedingly helpful in injury localization. 

According to Wilbourn,®®^ the most common pre¬ 
sentation is axonal injury at the fibular head. Nerve 
conduction studies reveal low amplitude CMAP 
during stimulation at both the popliteal fossa and 
distal to the fibular head. Sensory nerve action po¬ 
tentials are either not obtainable or of very low 
amplitude. Electromyography helps to localize the 
lesion. Evidence of denervation observed in muscles 
innervated by the tibial nerve, containing fascicles 
arising from the L-5 nerve root is normal. Needle 


examination of the short head of the biceps muscle 
helps to determine whether the injury is distal to 
its branch site in the mid thigh. Denervation of the 
short head of the biceps suggests a more proximal 
lesion involving the peroneal portion of the sciatic 
nerve. 

The second most common type of injury is focal 
conduction block at the fibular head. CMAPs dis¬ 
tal to the fibular head are normal, while those at¬ 
tained by popliteal stimulation are either not ob¬ 
tained or are of decreased amplitude. Interestingly, 
incomplete conduction block in this situation rarely 
causes temporal dispersion. Sensory action poten¬ 
tials are normal. Electromyographic findings are of 
little help and may in fact be confusing if not con¬ 
sidered in relation to the NCSs. An injury severe 
enough to cause complete conduction block fre¬ 
quently injures at least a small number of axons. 
Sparse evidence of denervation may be seen in sev¬ 
eral muscles. It is important to realize that the dis¬ 
crete interference pattern and minimally increased 
recruitment frequency are products of focal conduc¬ 
tion block and not severe axon loss. 

A relatively rare presentation is a mixed axon 
loss-conduction block injury. Motor conduction 
studies reveal decreased action potential ampli¬ 
tudes below the fibular head and either absent or 
more severe attenuation of the amplitude during 
stimulation at the popliteal fossa. SNAPs are ab¬ 
sent. Electromyography suggests significant den¬ 
ervation of muscles innervated by the deep and 
superficial peroneal branches. 

Isolated axonal injury of the deep peroneal 
fascicles exclusively is extremely unusual. Proxi¬ 
mal and distal CMUAP are of low amplitude or 
not obtainable. The superficial peroneal sensory 
potential is normal. Sensory NCSs of the deep 
peroneal nerve may be helpful.While technically 
difficult, assymetry between affected and nonaf- 
fected limbs may suggest a focus distal to the dor¬ 
sal root ganglion. Electromyography is important 
in this situation. Denervation will be observed just 
within muscles innervated by the deep peroneal 
nerve. 

Treatment 

Initial electrodiagnostic studies are of value in 
predicting the outcome of peroneal palsies and may 
help guide treatment plans. Berry and Richardson®^^ 
observed a correlation between persistent, moder¬ 
ate sensorimotor deficits and initial distal motor 
conduction velocities of less than 30 meters per sec¬ 
ond. Smith and Trojaborg®^® also observed that nor- 
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mal sensory and motor conduction parameters be¬ 
low the fibular head invariably lead to a good prog¬ 
nosis. Abnormal distal latencies or significantly 
decreased amplitudes were associated with incom¬ 
plete recovery. Wilbourn's®®^ findings parallel fhose 
of fhe previous researchers. Focal conducfion block 
af fhe fibular head fypically resolved complefely, 
wifhin 8 fo 12 weeks. Axon injury af fhe fibular head 
resulfed in safisfacfory buf incomplefe recovery and 
usually look upward of 6 monfhs. More proximal 
axon loss such as fhose exhibifed in sciafic neuro- 
pafhies and L-5 radiculopafhies porfended poor 
oufcomes. Mixed axon loss-conducfion block inju¬ 
ries recovered in a bimodal fashion, wifh fhe con¬ 
ducfion block resolving in weeks and reinnervafion 
occurring several monfhs lafer. Incomplefe func- 
fional refurn was common. 

NERVE INJURIES OE 

Enfrapmenf neuropafhies of fhe foof and ankle 
are uncommon. The acfual incidence is unknown.®®® 
They include enfrapmenf of fhe superficial pero¬ 
neal, sural, deep peroneal, and posferior fibial nerve 
or ifs branches, fhe medial and laferal planfar 
nerves, fhe calcaneal nerve, and fhe inferdigifal 
nerves. Enfrapmenf of fhe deep peroneal nerve is 
also known as fhe anferior farsal funnel syndrome. 
Enfrapmenf of fhe posferior fibial nerve or ifs 
branches is fypically referred fo as fhe farsal funnel 
syndrome. If is also referred fo by some as fhe posfe¬ 
rior farsal furmel syndrome. The ferm entrapment in 
fhis discussion will include fhose nerve injuries due 
fo direcf frauma as well as chronic compression. 

These nerve injuries are likely underdiag¬ 
nosed.®®®'®®® There may be a number of reasons for 
fhis sifuafion. Firsf, many pafienfs presenf wifh a 
history of vague or Reefing sympfoms, inifially ac¬ 
companied by only minimal or no definife neuro¬ 
logic deficifs. If fhe pafienf presenfs fo coaches or 
frainers, he may find fhaf fhey are fypically much 
more aware of soff-fissue injuries of fhe foof and 
ankle fhan fhey are of nerve injuries; fhus, fhe in¬ 
dex of suspicion may be relafively low, parficularly 
on inifial evaluafion. This lack of awareness regard¬ 
ing fhe fypes and nafure of enfrapmenf neuropa¬ 
fhies of fhe foof and ankle may also hold frue for 
many physicians and podiafrisfs nof experienced 
in fhis fype of injury. The neural problems offen 
coexisf wifh soff-fissue injuries. The laffer condi- 
fions fypically receive inifial freafmenf while fhe 
nerve injury eifher receives delayed affenfion or 
goes unnoficed alfogefher. In addifion, fhe signs and 
sympfoms of nerve injury may be femporally re- 


Treafmenf of peroneal neuropafhies varies wifh 
fhe severify of fhe injury. Mainfenance of full range- 
of-mofion af fhe ankle is of paramounf imporfance. 
Prolonged sfrefching of fhe gasfrocnemius-soleus 
complex should be performed several fimes a day. 
Progressive resisfance sfrengfhening should also be 
sfarfed early and include nof only fhe dorsiflexors 
buf fhe foof everfers as well. Propriocepfive refrain¬ 
ing af fhe ankle should be insfifufed prior fo refurn 
fo normal acfivifies. Ankle foof orfhoses are nof nec¬ 
essary in sifuafions where adequafe foe clearance 
can be achieved. In cases of severe weakness of fhe 
foof dorsiflexors, moderate dorsiflexor weakness 
buf wifh rapid fafigue or mediolaferal insfabilify, 
an ankle foof orfhosis is indicated. An exhausfive 
discussion of fhis subjecf can be found in chapter 
11, Orthoticsfor the Injured Soldier. 

E EOOT AND ANKLE 

lafed fo a given acfivify for only a brief period of 
fime immediafely following fhe acfivify. Thus, fhe 
nerve insulf may nof be appreciated when fhe indi¬ 
vidual is assessed well affer fhe precipifafing ac¬ 
fivify. Finally, fhe diagnosis may be difficulf fo de- 
fecf by objecfive findings. Elecfrodiagnosfic sfud- 
ies, including bofh NCSs and needle EMG, can be 
parficularly helpful in confirming and localizing fhe 
sife of nerve enfrapmenf and may also be helpful 
in assessing fhe severify of fhe injury while offer¬ 
ing clues regarding fhe prognosis of fhe nerve le¬ 
sion. However, elecfrodiagnosfic sfudies are prima¬ 
rily an extension of fhe physical examinafion and 
may nof be sensifive enough fo pick up subfle or 
fransienf nerve pafhology. In addifion, fhey require 
appropriate fiming fo obfain meaningful informa- 
fion for accurafe diagnosis and prognosficafion. 

Alfhough fhe number of neurologic injuries af 
fhe foof and ankle are undoubfedly a small percenf- 
age of fhe fofal, if is worfhwhile examining fhe type 
and percentage of acufe and overuse injuries of fhe 
foof and ankle, since fhey appear fo play a role in caus¬ 
ing nerve damage. Garrick and Requa®®^ assessed 
16,754 injuries occurring in a variefy of sporfs and 
found fhaf one quarfer of fhe injuries were fo fhe foof 
and ankle; 9.7% involved fhe ankle, 15.5% fhe foof. 

They nofed fhaf over half (50.4%) of fhe ankle 
injuries were acufe sprains. Volleyball and baskef- 
ball had fhe highesf proporfion of acufe ankle 
sprains af 82% and 79% of parficipanfs, respecfively. 
Foofball and racquefball each had more fhan 70%.®®^ 

The highesf proporfion of overuse injuries of fhe 
ankle occurred in cycling (70%); ice skafing (40.5%); 
and ballef and running, each wifh more fhan 35%. 
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Volleyball had the highest percentage of overuse 
injury of fhe foof af 70%; followed by running af 
59%; and fhen by fennis, gymnasfics, racquefball, 
and skiing, each af 50% or above. 

According fo Schon and Baxfer,®®® neurologic in¬ 
juries of fhe foof and ankle occur mosf commonly 
in runners or joggers (60%) and dancers (20%). They 
add fhaf fhe mosf common neurologic problems in 
afhlefes are inferdigifal neuromas, followed in de¬ 
scending order by enfrapmenf of fhe firsf branch of 
fhe laferal planfar nerve, medial planfar nerve, fibial 
nerve, laferal planfar nerve, deep peroneal nerve, 
superficial peroneal nerve, and sural nerve. 

Tarsal Tunnel Syndrome 

Posferior farsal funnel syndrome is perhaps fhe 
besf known of fhe enfrapmenf neuropafhies of fhe 
foof and ankle. Tarsal funnel syndrome is defined 
as fhe enfrapmenf of fhe fibial nerve or one of ifs 
branches by fhe flexor refinaculum. Kopell and 
Thompson®®® were credifed wifh the first descrip¬ 
tion of fhis nerve injury in 1960. Keck and Lam, 
however, were independenfly the first to coin the 
term tarsal tunnel syndrome (as cited by Radin®®®). 

Anatomic Considerations 

The tarsal tunnel is formed by fibrous and os¬ 
seous sfrucfures, including fhe flexor refinaculum 
or laciniafe ligamenf, which forms the roof. The 
medial wall of fhe calcaneus, fhe posferior aspecf 
of fhe falus, fhe disfal tibia, and the medial malleo¬ 
lus complete the tunnel. The tendinous arch of fhe 
abductor hallucis muscle confribufes fo fhe medial 
wall of fhe funnel along wifh fhe laciniafe liga¬ 
menf.The laffer ligamenf has bofh a superficial 
and a deep layer. The superficial layer is a fhicken- 
ing of fhe crural fascia befween fhe medial malleolus 
and fhe calcaneal fuberosify and the deep layer ex¬ 
tends from fhe medial malleolus to insert on the cru¬ 
ral fascia. The deep layer lies over fhe susfenfacu- 
lum fall and posferior falar process (Figure 9-83).“° 

The fibial nerve, fhe posferior fibial arfery and 
vein, and fendons of fhe posferior fibialis, flexor 
digiforum longus, and flexor hallucis longus all 
pass fhrough fhe funnel. The posferior fibial nerve 
fypically divides 1 fo 2 cm proximal fo an imagi¬ 
nary line drawn from fhe fip of fhe medial malleo¬ 
lus fo fhe calcaneal fuberosify. The medial and laf¬ 
eral planfar nerves, branches of fhe fibial nerve, 
each fhen enfer one of the two tunnels located 
within the abductor hallucis muscle. 



Fig. 9-83. The tarsal tunnel. The tibialis posterior, flexor 
digitorum longus, flexor hallucis longus, posterior tibial 
nerve, artery, and vein pass beneath the flexor retinacu¬ 
lum. Reprinted with permission from Liveson JA. Periph¬ 
eral Neurology: Case Studies in Electrodiagnosis. 2nd ed. 
Philadelphia, Pa: FA Davis Co; 1991: 54. 


The medial plantar nerve supplies sensation to 
the medial aspect of fhe planfar surface of fhe foof 
and fhe medial half of fhe fourfh foe. If also pro¬ 
vides a motor branch fo fhe abductor hallucis, fhe 
shorf foe flexors, and fhe firsf lumbrical muscle. 

The laferal planfar nerve provides sensafion fo 
fhe fiffh foe and fhe laferal half of fhe fourfh foe. If 
also supplies sensory innervafion fo fhe laferal sole 
and motor fibers fo the remaining intrinsic muscles 
of fhe foof, excepf for fhe shorf foe exfensor. As pre¬ 
viously nofed, fhe medial and laferal planfar 
branches pass via separafe openings in fhe medial 
superior origin of fhe abductor hallucis muscle. This 
anatomic sfrucfure predisposes fhese nerves fo se- 
lecfive enfrapmenf.The firsf branch of fhe laferal 
planfar nerve passes obliquely befween fhe abduc¬ 
tor hallucis muscle and fhe quadrafus planfae. If 
subsequenfly divides info fhree branches. One in- 
nervafes fhe periosfeum of fhe medial process of 
fhe calcaneal fuberosify; if also frequenfly inner- 
vafes fhe long planfar ligamenf and occasionally fhe 
quadrafus planfae muscle. Anofher supplies the 
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flexor digitorum brevis muscle. The terminal branch 
innervates the abductor digit! minimi muscle.®®*’ 

The calcaneal nerve branch lies posterior to the 
aforementioned branches and may pierce the lacini- 
ate ligament or exit between it and the fascia of the 
abductor hallucis muscle. Branches of the calcaneal 
nerve piercing the laciniate ligament innervate the 
medial aspect of the calcaneus, while other branches 
travel the length of the tarsal tunnel to innervate 
the plantar aspect of the heel.™ Just proximal to the 
tarsal tunnel, a calcaneus branch splits from the 
tibial nerve to innervate the skin of the heel. This 
branch is susceptible to nerve compression at the 
edge of the laciniate ligament. If calcaneal nerve 
entrapment does occur, a patient typically com¬ 
plains of heel pain.*’® 

Etiology 

Tarsal tunnel syndrome has been attributed to a 
multitude of etiologies. Increased pressure within 
the tarsal tunnel is felt to be the common denomi¬ 
nator in causing nerve injury. This may occur as the 
result of direct compression injury. It may also re¬ 
sult from decreased volume due to space-occupying 
changes within this nonyielding, fibroosseous tun¬ 
nel. The synovial proliferation associated with teno¬ 
synovitis; soft-tissue masses such as ganglion, li¬ 
pomas, neurilemomas, and neurofibromas, as well 
as local bleeding; and venous engorgement, edema, 
or both, are space-occupying conditions that may 
cause focal nerve injury within the tunnel.*’™ 

Bony anomalies may cause compression neur¬ 
opathy. Schon and Baxter®®® report two cases in 
which bony abnormalities of the posterior talus 
caused such nerve compression. Metabolic disor¬ 
ders or hormonal changes, such as those that occur 
with diabetes, pregnancy, myxedema, acromegaly, 
and hyperlipidemia, predispose an individual to 
compression neuropathy.®™ 

The medial plantar neurovascular structures pass 
through the upper section of the tarsal tunnel. This 
upper section is reportedly narrower than the lower 
and accounts for the suggestion that the medial 
plantar vessels and nerves are more sensitive to 
volume changes than the lateral plantar neurovas¬ 
cular structures which pass through the lower sec¬ 
tion.®™ Jackson and Haglund®®® state, however, that 
entrapment of the tibial nerve most commonly oc¬ 
curs at the anterior, inferior aspect of the tarsal tun¬ 
nel at the point the nerves wind around the medial 
malleolus. They agree with Kaplan and Kernahan®™ 
that the lateral plantar nerve branch is more fre- 



Fig. 9-84. Pronation-external rotation injury at the ankle, 
resulting in tibial nerve injury, rupture of the anterior 
talofibular ligament, incomplete tear of the deltoid liga¬ 
ment, transverse fracture of the medial maleolus, spiral 
fracture of the distal fibula, and fracture of the posterior 
lip of the distal tibia. Radiograph courtesy of MAJ Aron 
M. Judkiewicz, M.D., Department of Radiology, Walter 
Reed Army Medical Center, Washington, DC. 

quently subject to compression neuropathy than the 
medial branch.®®® 

The majority of nerve injuries involving the tar¬ 
sal tunnel have been recorded as posttraumatic 
complications.Many of these have been consid¬ 
ered to be the result of scar formation after an ankle 
sprain and others have been thought to be due to 
secondary osseous changes. Ankle sprains involv¬ 
ing the deltoid ligament and calcaneal or medial 
malleolus fractures or both have been cited as pos¬ 
sible causes (Figure 9-84).®™ 

Kraft®™ notes that the tibial nerve is especially 
vulnerable during ambulation because of its loca¬ 
tion and the structure of the tarsal tunnel. He feels 
that the distal branches of the tibial nerve are some¬ 
times injured as a result of repetitive trauma rather 
than chronic, steady compression. The repetitive 
action at the ankle experienced with running, es¬ 
pecially when associated with excessive pronation, 
is thought to place the tibial nerve "on stretch" on 
a repetitive basis.®®® Rask®*’® reports that excessive 
valgus or external rotation of the foot, particularly 
that experienced with running, potentially causes 
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excessive stretch of the medial plantar nerve and 
referred fo fhis problem as "jogger's foof." The facf 
fhaf prolonged sfanding or walking fypically pre- 
cipifafes or exacerbafes symptoms supporfs fhe con- 
fenfion fhaf fluid sfasis or engorgemenf wifhin fhe 
farsal funnel is a factor in causing compression. 

Ofher suspecfed causes or predisposing condi- 
fions include inflammafory soff fissue condifions 
associafed wifh rheumafoid arfhrifis, ankylosing 
spondylifis, Reifer's disease, collagen vascular dis¬ 
eases, and isolafed flexor fenosynovifis secondary 
fo acufe or chronic injury.Chronic fhrom- 
bophlebifis has also been included in fhe lisf of po- 
fenfial causes.Ricciardi-Pollini ef al*’”^ reported 
eighf cases of farsal funnel syndrome and found a 
fhickened laciniafe ligamenf, varices, exostoses, and 
adhesions fo be causafive facfors. Jackson and 
Haglund®®® add fhaf gouf wifh urate deposifs, con- 
necfive fissue changes associafed wifh aging, as well 
as fluid refenfion and bone spurs may also have a 
role in exacerbafing or precipifafing nerve injury. 

Some have implicafed severe pronafion of fhe 
hindfoof as a pofenfial cause.®’® DeLisa and Saeed®“ 
summarized multiple reports in the literature that 
indicate that abnormal calcaneal eversion relative 
to an adducted talus and an abducted forefoot may 
place increased tension on the neurovascular struc¬ 
tures within the tunnel and cause this syndrome. 
Hypertrophy of fhe abducfor hallucis muscle or an 
accessory muscle belly of fhe shorf digifal flexors, 
rapid weigh! gain, and consfanf squaffing are ad- 
difional causes reporfed in fhe liferafure.®’®'®“ 

Fewer cases have been noted as fhe consequence 
of benign fumors, such as neurilemomas, ganglion, 
and lipomas. Ofhers have been documenfed as fhe 
resulf of varicosifies beneafh fhe flexor refinacu- 
lum.®“ 

Jackson and Haglund®’® reporfed fwo selecfed 
cases of farsal funnel syndrome. One occurred as 
fhe resulf of direcf, exfrinsic compression affribuf- 
able fo a fighf alpine ski boof. The ofher occurred 
in a female runner wifh bilaferal piano valgus de- 
formifies and increased Q-angles. 

Schon and Baxfer®’® purporf fwo mechanisms for 
farsal funnel syndrome. They include vascular com¬ 
promise of fhe nerve by pressure on fhe vasa 
nervorum and direcf compression neuropafhy. 
These aufhors feel fhaf fhe former mechanism re- 
sulfs in primary sensory deficifs wifhouf mofor 
sympfoms or signs while fhe laffer resulfs in bofh 
sensory and mofor signs and sympfoms. Pecina and 
colleagues®™ nofe fhaf fhe fibial nerve, fhough rich 
in vascularify, is sensifive fo ischemic insulf and 
agree fhaf compression of fhe vasa nervorum and 


fhe resulfing ischemia may manifesf as neurologic 
sympfoms consisfenf wifh farsal funnel syndrome. 

Clinical Presentation 

Pafienfs fypically presenf wifh complainfs of 
numbness and fingling involving fhe foes and plan- 
far aspecf of fhe foof. Onsef is usually insidious.®” 
The disfribufion of sensory involvemenf is quife 
variable, reflecfing fhe variable involvemenf of fhe 
fibial nerve or ifs branches. Sensory disfribufion of 
fhe medial or laferal planfar nerves or bofh are char- 
acferisfically involved.®”Individuals may also com¬ 
plain of burning pain and dysesfhesias in a similar 
disfribufion. Af fimes, parficularly wifh prolonged 
acfivify, sympfoms may be relafively consfanf wifh 
acfivify-induced exacerbafions. In general, how¬ 
ever, sympfoms are infermiffenf and precipifafed 
or exacerbafed by prolonged sfanding, walking, 
running, or similar acfivifies involving dynamic 
acfion af fhe foof and ankle. Resf usually diminishes 
such sympfoms. Nocfurnal paresfhesias and pain 
are common and may be severe enough fo prohibif 
sleep or, more fypically, awaken fhe pafienf from 
sleep.®“Nof infrequenfly, pafienfs complain of pain 
radiafing up fhe medial aspecf of fhe calf and fhis 
presenfafion may lead one fo erroneously presume 
fhe presence of a radiculopafhy.®™ 

Sensory impairmenf classically involves fhe sole 
of fhe foof. Anesfhesia and hyperesfhesia are reporf- 
edly rare, while hypesfhesia and loss of fwo-poinf 
discriminafion are early signs of nerve compres¬ 
sion.®™ A posifive TineTs sign may be elicited over 
fhe farsal funnel site and passive placemen! of fhe 
heel info an end-range valgus and everfed posfure®“ 
or eversion wifh dorsiflexion af fhe ankle®™ may 
exacerbate sympfoms. The Valleix phenomenon, fhe 
sifuafion where a TineTs sign is obfainable in fhe 
farsal funnel region and tenderness is elicifed bofh 
proximal and disfal fo fhe compression site, may 
be demonsfrafed on occasion.®™Passive varus align- 
menf of fhe heel, on fhe ofher hand, fypically re¬ 
duces fhe sympfoms presumably due fo creafion of 
"slack" in fhe laciniafe ligamenf.®™ There is often 
tenderness wifh palpafion af a poinf posferior and 
inferior fo fhe medial malleolus. There is, however, 
a lack of fenderness wifh palpafion in fhe area of 
fhe sole of fhe foof where fhe pafienf is fypically 
mosf sympfomafic.®” A variable degree of refro- or 
submalleolar swelling may be nofed upon inspec- 
fion.®™ If mofor impairmenf is presenf, if usually 
manifesfs as weakness of fhe foe flexion af fhe mefa- 
farsophalangeal joinfs and foe exfension af fhe IP 
joinfs of all or some of fhe foes.®™ In confrasf. 
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strength of the long flexors of fhe foof and foes is 
preserved. 

Differential Diagnosis 

The differenfial diagnosis should include Achil¬ 
les fendinifis, planfar fasdifis, prolapsed mefafar- 
sal heads, planfar callosities, longifudinal arch sprain, 
localized rheumatoid disease, ofher arfhrific condi¬ 
tions, sciafica, peripheral neuropafhy, peripheral vas¬ 
cular disease, old fracfures, bone spicules, accessory 
ossicles, and an S-1 radiculopafhy.®^®Diabetic neuropa¬ 
fhy wifh burning paresfhesias of bofh feef may be 
parficularly difficulf fo disfinguish from bilaferal 
farsal funnel syndrome by clinical exam atone. 

Radiographic and elecfrodiagnosfic sfudies are 
of pofenfial value in fhe evaluation for farsal fun¬ 
nel syndrome. Radiograph examination of fhe ankle 
may defecf fhe presence of bony anomalies, ankle 
fracfures, accessory ossicles, and ankle malalign- 
menf. These abnormalifies may be facfors in pre- 
cipifafing fhe syndrome or any one may be fhe pri¬ 
mary source of fhe sympfoms. Careful clinical 
evaluafion will assisf in making fhis disfincfion. 
Ricciardi-Pollini ef al“^ documenfed a case involv¬ 
ing a young woman who was nofed by radiograph 
fo have an exosfosis locafed af fhe medial sife of 
fhe falus. Af surgery fo remove fhis osseous lesion, 
if was nofed fo be compressing fhe posferior fibial 
nerve. Ifs removal, coupled wifh neurolysis, re- 
sulfed in complete relief of her sympfoms. 

Electrodiagnosis 

Elecfrodiagnosfic sfudies may be of parficular 
imporfance nof only in reliably diagnosing a periph¬ 
eral neurologic deficif, buf in providing informa¬ 
tion regarding fhe severify and specific disfribufion 
of nerve involvemenf. Such sfudies may be parficu¬ 
larly helpful in disfinguishing a peripheral neur¬ 
opafhy from a bilaferal farsal funnel syndrome. 

Multiple sfudies are cifed by DeLisa and Saeed“^ 
which demonsfrafe prolonged sensory or mofor 
disfal latencies, or bofh, across fhe farsal funnel re¬ 
gion. These aufhors found fhe mixed nerve conduc¬ 
tion technique as described by Saeed and Gafens“® 
subsfanfially superior fo fhe medial and laferal 
planfar orfhodromic sensory nerve conduction tech¬ 
nique employing a ring elecfrode sfimulafor af fhe 
greaf foe and fiffh foe, respecfively. The recording 
elecfrode in fhe laffer case is locafed jusf proximal 
fo fhe flexor retinaculum. This mefhod can be diffi¬ 
culf fo perform technically, parficularly because one 
fypically requires an averager fo obfain an evoked 


pofenfial of accepfable amplifude. On fhe ofher 
hand, fhe mixed nerve conducfion fechnique in¬ 
volves orfhodromic sfimulafion of fhe medial or 
laferal planfar nerves in fhe midsole of fhe foof. This 
sfimulafion is done af a predefermined disfance 
wifh fhe recording elecfrode located proximal fo fhe 
flexor refinaculum. This fechnique is fypically reli¬ 
able and reproducible. 

Mofor NCSs fhrough fhe farsal funnel are an ad- 
difional means of assessing fhe infegrify of fhe me¬ 
dial or laferal planfar nerves. In fhe case of fhe me¬ 
dial planfar nerve sfudy, fhe active pickup elecfrode 
is locafed over fhe mofor poinf of fhe abducfor hal- 
lucis muscle. The laferal planfar nerve mofor NCS 
is performed wifh fhe acfive pickup elecfrode 
placed over fhe abducfor digifi minimi. In bofh 
cases, fhe sife of sfimulafion is 10 cm proximal fo 
recording elecfrodes af a poinf jusf proximal fo fhe 
flexor refinaculum. 

Needle elecfrode sfudy of foof infrinsic muscles 
served by eifher fhe medial or laferal planfar nerves 
may defecf elecfrodiagnosfic abnormalifies consis- 
fenf wifh muscle membrane insfabilify and sugges¬ 
tive of a denervafion process. DeLisa and Saeed“^ 
considers fhe abducfor hallucis and fhe firsf dorsal 
inferosseus muscles especially useful in fhe initial 
screening process. 

In fhe presence of farsal funnel syndrome, one 
will fypically obfain eifher prolonged or absenf sen¬ 
sory or CMAR In addifion, fhere may be evidence 
of denervafion acfivify, along wifh reduced recruif- 
menf and interference pafferns involving fhe foof 
infrinsics. 

Treatment 

Conservafive managemenf is fhe inifial freafmenf 
of choice. A frial of an NSAID and custom-molded 
orfhofics are fypically offered. Injection of fhe far¬ 
sal funnel sife wifh a mixfure of a local anesfhefic 
and corficosferoid compound may be performed for 
bofh diagnosfic and fherapeufic purposes. Pecina 
and colleagues'’™ feel repeaf corficosferoid injections 
may be performed af fhe same sife up fo fhree times 
over a fwo-monfh period. If unsuccessful and no 
ofher conservafive measure offers relief, fhey fhen 
feel a surgical opfion should be enferfained.Ice and 
ulfrasound have also been employed wifh variable 
success. 

Appropriafe alferafion in foofwear may be war- 
ranfed for improved ankle and foof sfabilify. A 
cusfom-molded foof orfhofic may be added fo pro¬ 
vide opfimal heel sfabilify and prevenfion of exces¬ 
sive forefoof pronafion. Use of a medial arch sup- 
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port as well as an external heel counter on the shoe 
are two additional means of achieving appropriate 
foot alignment. Rask/”® however, notes that arch 
supports should be avoided because they may cause 
compression injury to the medial plantar nerve in 
the region of fhe longifudinal arch. The laffer issue 
is confroversial and will receive furfher elaborafion 
lafer in fhe discussion of medial planfar enfrapmenf 
neuropafhy in fhe region of fhe longifudinal arch. 

Relafive resf wifh eliminafion of fhe suspecfed 
precipifafing or exacerbafing acfivifies is a parficu- 
larly imporfanf measure one should consider. This 
especially includes eliminafion of repefifive frauma 
in fhe region of fhe farsal funnel, as well as repefi¬ 
five or marked sfrefch of fhe farsal funnel elemenfs. 
Complefe immobilizafion has nof been required in 
fhis aufhor's experience, alfhough some advocafe 
shorf-ferm use of plasfer casfs.““ Pecina and col- 
leagues'’“reporfed a sfudy by Androic fhaf purporf- 
edly documenfed success as high as 79% wifh con- 
servafive measures. 

For refracfory cases, fo include fhose pafienfs 
suffering from farsal funnel syndrome as fhe resulf 
of varices, exosfoses, and adhesions, surgical de¬ 
compression along wifh neurolysis may be war- 
ranfed. Ricciardi-Pollini and colleagues®^ reporfed 
a small series of eighf pafienfs undergoing surgical 
decompression due fo fhe laffer problems as well 
as fo a fhickened laciniafe ligamenf. All buf one re¬ 
ceived complefe relief of fheir symptoms wifhin 24 
hours affer surgery. Radin®® sfudied a series of 14 
pafienfs wifh documenfed farsal funnel syndrome 
wifh associafed varus heels and pronafed, splayed 
feef. He argued fhaf surgical release of fhe flexor 
refinaculum posterior fo fhe medial malleolus is fhe 
freafmenf of choice in individuals wifh farsal fun¬ 
nel syndrome and a planovarus deformify. He re¬ 
porfed successful oufcomes wifh surgical inferven- 
fion in more fhan 90% of fhe cases. Kaplan and 
Kernahan®“ surgically managed 18 pafienfs wifh 
farsal funnel syndrome and reporfed complefe or 
parfial improvemenf in all. 

Lateral Plantar Nerve Branch-I Entrapment 

Entrapment of fhe firsf branch of fhe lateral plan- 
far nerve should be considered in individuals suf¬ 
fering from chronic heel pain. This appears espe¬ 
cially applicable for fhe afhlefic populafion. Schon 
and Baxfer®*’ reporf fhaf abouf 10% fo 15% of afh- 
lefes wifh chronic, persisfenf heel pain have enfrap¬ 
menf neuropafhy of fhis parficular nerve branch. 
Pecina and colleagues®® note fhaf runners and jog¬ 


gers make up fhe greaf majorify of reporfed cases, 
buf acknowledge fhaf afhlefes in soccer, dance, and 
tennis also experience fhis problem. 

Etiology 

The sife of enfrapmenf is purporfed fo occur be- 
fween fhe deep fascia of fhe abducfor hallucis 
muscle and fhe medial caudal margin of fhe head 
of fhe quadrafus planfae muscle.®®'’'®® Chronic re¬ 
pefifive frauma af fhe laffer sife is fhe presumed 
cause. Local inflammafion secondary fo chronic 
pressure reportedly may also occur where fhe nerve 
passes over fhe planfar side of fhe long planfar liga¬ 
menf or in fhe osfeomuscular canal befween fhe cal¬ 
caneus and fhe flexor digiforum brevis.®®'’ A review 
of fhe liferafure by Schon and Baxfer®®'’ indicafes fhaf 
a hyperpronafed foof, hyperfrophied abducfor hal¬ 
lucis or quadrafus planfae muscle, accessory 
muscles, abnormal bursae, and phlebifis in fhe cal¬ 
caneal venous plexus may all play a role in precipi¬ 
fafing fhis nerve enfrapmenf. 

Clinical Presentation 

Chronic heel pain is fhe fypical presenfafion. 
Characferisfically, fhe pafienf is an afhlefe involved 
in a sporf requiring a running acfivify. Pain is fypi- 
cally exacerbafed by fhe running acfivify or even 
by walking and is variably relieved wifh resf. Al¬ 
fhough radiafion of pain fo fhe ankle is nof uncom¬ 
mon, numbness in fhe heel or foof is alypical.®®®'®® 

Reproducible poinf tenderness along fhe course 
of fhe nerve, parficularly af fhe sife of suspecfed 
enfrapmenf, is presenf. This sife is deep fo fhe ab¬ 
ducfor hallucis muscle. A Tinel's sign may be elic¬ 
ited, buf is reportedly an afypical finding. 

Differential Diagnosis 

Achilles fendinifis, planfar fasciifis, and bursifis 
should be included in fhe differenfial diagnosis. A 
roenfgenogram should be obfained fo exclude fhe 
possibilify of heel spurs, sfress fracfures, and bone 
fumors. Occasionally, a bone scan may be warranted 
fo clarify fhe diagnosis. Less common causes of heel 
pain fhaf merif considerafion include heferofopic 
calcificafion, Pagef's disease, Sfrumpell-Marie dis¬ 
ease, venereal disease, Sever's apophysifis, rheu- 
mafoid arfhrifis, and gouf.®®^ More proximal in- 
volvemenf of fhe fibial nerve, sciafic nerve, and an 
S-1 radiculopafhy should be excluded. Elecfrodiag- 
nosfic fesfing, coupled wifh fhe hisfory and physi- 
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cal examination, may prove helpful in ruling out 
the latter possibilities. 

Treatment 

Patients typically receive a trial of conservative 
therapy similar to that provided for heel pain due 
to other causes. This usually includes a trial of an 
NSAID, relative rest, ultrasound, stretching, heel cups, 
heel doughnut pads, and cortisone injections with 
local anesthetic. The latter treatment regime is some¬ 
times successful. However, in refractory cases, typi¬ 
cally those that persist after 6 to 12 months of con¬ 
servative therapy, surgical release of the first branch 
of the lateral plantar nerve is indicated. 

Medial Plantar Nerve Entrapment at the 
Longitudinal Arch 

Isolated entrapment of the medial plantar nerve 
in the longitudinal arch is a rarely diagnosed con¬ 
dition. Rask described such an entrapment neuropa¬ 
thy in joggers, and as previously mentioned, coined 
this clinical syndrome the "jogger's foot.'"’“ 

Anatomy 

The course of the medial plantar nerve has been 
previously discussed. 

Etiology 

The entrapment of the medial plantar nerve in 
this particular syndrome is felt to occur in the re¬ 
gion of the longitudinal arch, also known as the 
master knot of Henry.'’“‘’''’“It has been attributed to 
chronic, focal inflammation due to repetitive trauma 
in the latter area. Rask“'’ contends that long-distance 
running is the typical precipitating activity, particu¬ 
larly if excessive valgus displacement and external 
rotation occurs with this activity. He feels the latter 
presentation causes excessive stretch of the medial 
plantar nerve against the fibromuscular tunnel 
through which it passes. 

Clinical Presentation 

The typical patient is a middle-aged individual 
who jogs on a regular basis.““ Rask“'’ notes that 
chronic burning pain in the heel region is the typi¬ 
cal presentation. Pecina and colleagues^” note that 
onset of discomfort is characteristically temporally 
related to using a new arch support. 


Impaired sensation involving the medial aspect 
of the sole of the forefoot and point tenderness at 
the site of entrapment in the arch of the foot, poste¬ 
rior to the navicular tuberosity, is characteristic.®””'®”® 
A Tinel's sign may also be elicited. 

Differential Diagnosis 

More proximal entrapment of the medial plan¬ 
tar nerve in the tarsal tunnel, as well as tibial or 
sciatic nerve pathology, S-1 radiculopathy, and pe¬ 
ripheral neuropathy should be excluded. Electrodi¬ 
agnostic assessment, performed as an extension of 
the history and examination, usually permits one 
to confidently exclude these possibilities. Local an¬ 
esthetic nerve block at the site of presumed entrap¬ 
ment typically results in temporary relief of symp¬ 
toms and arguably excludes the possibility of cal¬ 
caneal bursitis and plantar fasciitis.®”® 

Treatment 

Pecina et al®””and Rask®”® note that this form of 
nerve entrapment typically responds to conserva¬ 
tive management alone. A trial of relative rest, 
NSAID, and local anesthetic and cortisone injections 
have been implemented with some success. The 
injections are performed at the site of presumed 
entrapment just posterior to the navicular tuberos¬ 
ity and, as previously alluded, may have both di¬ 
agnostic and therapeutic benefits.®”® 

Rask®”® also advocates having the jogger modify 
his running style, specifically avoiding excessive val¬ 
gus and external rotation when running. The jogger 
is encouraged to run on the lateral aspect of his foot 
with a very slight toe-in sprint in order to relieve 
pressure from the medial plantar nerve. As previously 
noted, Rask feels that arch supports should be avoided 
in joggers who develop medial plantar nerve entrap¬ 
ment neuropathy in the longitudinal arch area. He 
believes that such supports can cause further 
trauma to the medial plantar nerve in the latter re¬ 
gion.®”® If the arch support is fabricated so that it is 
too high or causes focal pressure in the longitudi¬ 
nal arch, then his recommendation appears reason¬ 
able. However, if the arch support is custom-designed 
to accommodate the individual's arch and to evenly 
distribute pressure over a broad rather than focal 
area, then direct pressure trauma is likely to be mini¬ 
mal. In addition, the benefit derived in preventing 
hyperpronation of the forefoot and in stabilizing the 
foot and ankle arguably outweigh the likelihood of 
direct pressure trauma to the nerve. 
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In refractory cases, surgical neurolysis is advo¬ 
cated.However, literature regarding the efficacy 
of surgical intervention for this particular form of 
entrapment neuropathy is lacking. 

Anterior Tarsal Tunnel Syndrome 

This syndrome is described as an entrapment of 
the deep peroneal nerve beneath the inferior exten¬ 
sor retinaculum. There has been a paucity of reports 
regarding this form of entrapment in the literature 
to date.'’^°“'’^^ Kopell and Thompson®®* have been 
credited with identifying the syndrome in 1963. 

This syndrome has been documented most com¬ 
monly in runners. Other sports in which this prob¬ 
lem has been identified include soccer, skiing, and 
dancing.®®* 

Anatomic Considerations 

In the proximal third of the leg, the deep pero¬ 
neal nerve passes between the extensor digitorum 
longus and tibialis anterior muscles. In the middle 
third, it passes deep to the extensor hallucis longus 
muscle and tendon. At a point 3 to 5 cm above the 
ankle joint, the nerve courses between the extensor 
digitorum longus and extensor hallucis longus 
muscles. At 1 cm above the ankle joint, underneath 
the oblique superior medial band of the inferior 
extensor retinaculum, a branch to the extensor digi¬ 
torum brevis emerges laterally. The medial branch 
of the deep peroneal nerve passes under the oblique 
inferior medial band of the inferior extensor reti¬ 
naculum along with the dorsalis pedis artery. At this 
point the deep peroneal is susceptible to compres¬ 
sion injury between the talonavicular joint ridges 
and the retinaculum (Figure 9-85).®®* 

The inferior extensor retinaculum typically has 
three branches and forms a Y-shaped pattern trans¬ 
versely across the dorsum of the foot. The deep 
peroneal nerve has branches innervating all foot 
extensors except for the extensor digitorum brevis 
at the level of the anterior tarsal tunnel. This ac¬ 
counts for the fact that the only muscle typically 
observed to be involved in anterior tarsal tunnel 
syndrome is the extensor digitorum brevis.*“ The 
deep peroneal nerve also innervates the first dor¬ 
sal interosseous muscle, but objective determina¬ 
tion of atrophy and weakness involving this muscle 
is obviously difficult to assess accurately. 

In its distal course, the deep peroneal nerve 
pierces the dorsal aponeurosis of the foot where it 
becomes superficial. It then provides cutaneous in- 



Fig. 9-85. The anterior tarsal tunnel. Branches of the deep 
and superficial peroneal nerve; tendons of the tibialis 
anterior and extensors digitorum longus and hallucis 
longus pass beneath the superior, oblique, and inferior 
bands of the extensor retinaculum. Adapted with per¬ 
mission from Liveson JA. Peripheral Neurology: Case Stud¬ 
ies in Electrodiagnosis. 2nd ed. Philadelphia, Pa: FA Davis 
Co; 1991: 53. 

nervation to the first web space, along with sensory 
supply to the lateral aspect of the great toe and 
medial aspect of the second toe.®®* A number of 
variations in the pattern of nerve branches off the 
deep peroneal nerve have been documented and are 
reportedly not uncommon.*^* 

Etiology 

Anterior tarsal tunnel syndrome is usually attrib¬ 
uted to chronic or repetitive compression injury at 
the ankle. Pecina and colleagues*®* contend that 
anatomical factors, specifically a tight, unyielding 
retinaculum overlying a bony structure, predis¬ 
poses the deep peroneal nerve to such injury. Ankle 
edema; fractures; subluxations and sprains; as well 
as osteophytes, synovial pseudocysts, neuromas, 
ganglia, aneurysms, and tenosynovitis have been 
implicated as possible causes.***Bony anomalies of 
the talonavicular joint; repetitive compressive 
trauma from tight shoes, high boots, or shoe straps; 
chronic stretch injury due to prolonged ankle plan¬ 
tar flexion while wearing high heels; and direct 
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ankle trauma have also been described as potential 
causes.Maximal stretch of the deep peroneal 
nerve at the ankle has been documented to occur 
when end-range plantar flexion is coupled wifh 
dorsiflexion of fhe foes.'*^^ Schon and Baxfer®®® cife 
from fheir experience fhaf mosf pafienfs have a his¬ 
tory of recurrenf ankle sprains, specifically fhose 
sprains in which fhe ankle is forced info planfar flex¬ 
ion and supinafion. They also nofe fhaf fhey have 
observed fhis syndrome to occur in joggers who 
wear keys under fhe fongue of fheir shoes when 
running and soccer players who receive direcf, of- 
fen repefifive frauma to fhe dorsum of fhe foof. They 
addifionally suggesf fhaf fhe deep peroneal nerve 
may susfain repefifive frauma in fhose individuals 
who perform sif-ups wifh fheir feef hooked under 
a hard surface. 

Clinical Presentation 

The fypical pafienf complains of burning pain in 
fhe region of fhe web space befween fhe greaf foe 
and second foe. There may also be subjecfive com- 
plainfs of numbness in fhe laffer area. The pafienf 
does nof fypically complain of any focal weakness. 
Nocfurnal pain and paresfhesias of fhe foof are nof 
uncommon. Pafienfs may poinf ouf fhaf prolonged 
sfanding or walking, fighf-fiffing shoes, or walk¬ 
ing in high heels precipifafes or exacerbafes fheir 
sympfoms, while exfension or eversion of ankle re¬ 
lieves fheir sympfoms fo some degree. 

Decreased sensafion fo lighf fouch and pinprick 
is fypically nofed in fhe web space befween fhe greaf 
foe and second foe. A TineTs sign may be elicifed 
wifh a fap over fhe anferior farsal funnel sife. There 
may be also be variable weakness and afrophy of 
fhe exfensor digiforum brevis muscle. The laffer 
muscle is besf fesfed wifh fhe ankle maximally dor- 
siflexed fo eliminafe fhe acfions of fhe exfensor hal- 
lucis longus and exfensor digiforum longus 
muscles.“° 

Differential Diagnosis 

The primary condifions which musf be differen- 
fiafed from anferior farsal funnel syndrome include 
more proximal peroneal nerve compression injury, 
especially af fhe fibular head, and an L-5 radicu- 
lopafhy. If fhe laferal branch of fhe disfal deep pero¬ 
neal nerve is selecfively injured, fhen sensory im- 
pairmenf will nof be presenf. Insfead, a pafienf may 
simply complain of foof pain. Under such circum- 
sfances, if is difficulf fo definifely exclude fhe pos- 


sibilify of arfhrific pafhology or ligamenfous inju¬ 
ries in fhe ankle region. Focal afrophy involving fhe 
exfensor digiforum muscle is one clue fhaf helps fo 
make fhis disfincfion. If more proximal peroneal 
nerve injury is presenf, fhen delineafion of muscle 
weakness and afrophy above fhe level of fhe ankle 
may be presenf. 

Electrodiagnosis 

Elecfrodiagnosfic sfudies remain parficularly 
helpful in excluding fhe possibilify of more proxi¬ 
mal peroneal nerve injury and an L-5 radiculopafhy. 
A prolonged disfal lafency when sfimulafing af fhe 
ankle and recording af fhe exfensor digiforum 
brevis, along wifh normal proximal conducfion ve¬ 
locity, supporfs fhe presence of fhe anferior farsal 
funnel syndrome. In addifion, needle elecfrode ex- 
aminafion of fhe exfensor digiforum muscle may 
yield evidence of muscle membrane insfabilify sug- 
gesfive of denervafion acfivify, while sparing ofher 
lower exfremifies fypically served by fhe deep pero¬ 
neal nerve. If should be nofed, however, fhaf needle 
elecfrode abnormalifies suggesfive of denervafion 
acfivify may be found in a small percenfage of pa¬ 
fienfs who are asympfomafic or wifhouf nerve con¬ 
ducfion deficifs or bofh, presumably due fo fhe lo¬ 
cal muscle frauma fhaf occurs wifh regular shoe- 
wear. Gessini and colleagues®^® reporfed four cases 
of anferior farsal funnel syndrome. Three of fhe four 
demonsfrafed significanfly prolonged motor disfal 
lafency and fhe fourfh was af fhe upper limifs of 
normal. In addifion, all four pafienfs had needle 
elecfrode findings of denervafion acfivify isolafed 
fo fhe exfensor digiforum brevis muscle. 

Roenfgenograms of fhe ankle and foof may be 
helpful in excluding osseous lesions fhaf may po- 
fenfially compress fhe deep peroneal nerve, such 
as an osfeophyfe on fhe dorsum of fhe falus where 
if arficulafes wifh fhe navicular bone.®®® 

Treatment 

Conservafive managemenf is fypically advocafed 
and includes avoidance of consfricfing compression 
in fhe anferior farsal funnel region by fighf shoes, 
boofs, or shoelaces. Also, avoidance of high heels 
may eliminafe fhe posfure of ankle planfar flexion 
and foe dorsiflexion, a posifion fell fo precipifafe 
or exacerbafe fhe sympfoms of anferior farsal fun¬ 
nel syndrome. Use of shin guards wifh a lip over 
fhe dorsum of fhe foof when playing soccer may 
assisf in prevenfing direcf frauma fo fhe anferior 
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ankle. Relative rest and use of NSAIDs, local anes¬ 
thetic, and corticosteroid injections may provide a 
variable degree of relief. Use of orfhofics fo main- 
fain fhe ankle af 90° has been suggesfed, alfhough 
fhere is no convincing evidence fhaf fhis fruly al- 
fers fhe pafienf's sfafus. Surgical decompression is 
generally reserved for refractory cases only. Schon 
and Baxfer®®^ reporfed a case involving a 19-year- 
old college sprinfer wifh anferior farsal syndrome 
affribufed fo an osfeophyfe on fhe dorsum of fhe 
falus, which was surgically excised. The pafienf's 
symptoms resolved, and he has reporfedly refurned 
fo framing. Liferafure documenfing fhe efficacy of 
surgical infervenfion ofherwise appears fo be lack¬ 
ing af fhis fime. 

Superficial Peroneal Neuropathy 

Superficial peroneal enfrapmenf neuropafhy was 
reporfedly firsf described by Henry in 1945 and 
fermed "mononeuralgia in fhe superficial pero¬ 
neal.If is an infrequenfly diagnosed and 
documented condifion. The average age is reporfed 
fo be 36 years, buf ranges from 15 fo 79 years. In a 
subpopulafion, specifically in afhlefes, superficial 
peroneal neuropafhy has been diagnosed af an av¬ 
erage age of 28 years. Men and women have been 
documented fo experience fhis problem wifh equal 
incidence. Of fhe afhlefes, runners have been mosf 
frequenfly diagnosed wifh fhis neuropafhy. If has 
also been documenfed in individuals engaging in 
soccer, fennis, racquefball, hockey, and danc¬ 
ing.The mosf common sife of compression 
injury is fypically described as occurring af fhe junc- 
fion of fhe middle and disfal fhirds of fhe leg where 
fhe superficial peroneal nerve surfaces fhrough fhe 
crural fascia.®®'’’™'®^® 

Anatomic Considerations 

The superficial peroneal nerve, a branch of fhe 
common peroneal nerve, passes fhrough fhe anfe- 
rolaferal comparfmenf of fhe leg and innervafes fhe 
peroneus longus and brevis muscles. The nerve lies 
befween fhe peroneus longus and fhe exfensor digi- 
forum muscles proximally. Ifs subsequenf course 
fakes if befween fhe anferior infermuscular sepfum 
and fhe fascia of fhe lateral comparfmenf. If fhen 
pierces fhe deep fascia and emerges fo a subcufa- 
neous route in fhe leg abouf 10.5 fo 12.5 cm above 
fhe laferal malleolus.®^®This poinf is fypically af fhe 
level befween fhe middle and disfal fhirds of fhe 
leg. Thereaffer, if divides info laferal and medial 
terminal cufaneous branches, also referred fo as fhe 


infermediafe dorsal cufaneous and fhe medial dor¬ 
sal cufaneous nerves.®^®'®^^ The medial ferminal 
branch supplies fhe medial side of fhe dorsum of 
fhe foof, as well as fhe dorsal aspecf of fhe medial 
side of fhe greaf foe and of fhe adjacenf sides of fhe 
second and fhird foes. The laferal ferminal division 
supplies sensory fibers fo fhe laferal aspecf of fhe 
dorsum of fhe foof and fhe adjacenf sides of fhe 
fhird, fourfh, and fiffh foes.®^^The innervafion of fhe 
foes fypically extends fo fhe level of fhe IP joinfs.^^^ 
The cufaneous innervafion of fhe superficial pero¬ 
neal nerve also includes innervafion fo fhe skin of 
fhe anferolaferal aspecf of fhe leg.®™ 

Etiology 

Pecina and colleagues®™ poinf fo frauma as fhe 
mosf common proposed efiology of superficial 
peroneal neuropafhy. Sfyf cites liferafure indicafing 
fhaf local frauma has been reporfed in abouf 25% 
of pafienfs wifh compression of fhis parficular 
nerve.®^® 

Schon and Baxfer®’® nofe fhaf mosf cases have 
reporfedly shown fhaf fhe edge of fhe deep fascia 
compresses againsf fhe superficial peroneal nerve 
as if pierces fhis laffer sfrucfure. In fhe presence of 
muscle herniafion fhrough fhe fascia due fo fascial 
defecfs, fhey feel fhe nerve is likely fo experience 
focal compression injury.®®®'®^^ Sfyf®^® poinfs ouf fhaf 
exercise creafes sufficienf pressure fo herniafe 
muscle fissue fhrough fascial defecfs wifh resulf- 
ing compression of fhe nerve. McAuliffe and col¬ 
leagues®'® reporfed a case of a young woman who 
experienced bilaferal superficial peroneal nerve 
enfrapmenfs as fhe resulf of faf herniafion fhrough 
fascial defecfs in fhe laferal comparfmenfs of bofh 
legs. In each leg, fhe nerve was enfrapped againsf 
fhe fascia by a nodule of faf and was nofed fo have 
focal, fusiform swelling. McAuliffe and col¬ 
leagues®'® also cife work by Banerjee and Koons®'® 
who documenfed unilaferal superficial peroneal 
nerve enfrapmenf exacerbafed by exercise, reporf¬ 
edly affribufable fo ankle inversion injury or fo fhe 
wearing of high boofs. 

Sfyf and Korner®™ nofe fhaf fhere is a fibrofic, 
relafively unyielding funnel fhrough which fhe su¬ 
perficial peroneal nerve passes. If is locafed in fhe 
corner befween fhe anferior infermuscular sepfum 
and fhe fascia over fhe laferal comparfmenf. In fhe 
presence of edema following frauma, if is fheir con- 
fenfion fhaf fhis anatomic feafure predisposes an 
individual fo a local "mini comparfmenf syn¬ 
drome." This funnel is fypically described as being 
of low compliance and abouf 1 cm in lengfh; how- 
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ever, StyP'^ and Pecina et al“°cite surgical evidence 
indicating it may extend from 3 to 11 cm in length' 

Schon and Baxter®®*’ feel fhaf fhe recurrenf sfrefch- 
ing of fhe superficial peroneal nerve fhaf osfensi- 
bly occurs wifh chronic ankle sprains is a major fac¬ 
tor in causing injury fo fhis nerve. Pecina and col¬ 
leagues*’™ and Lowdon®^^ also supporf fhe role of 
sfrefch injury in causing superficial peroneal nerve 
injury. They nofe fhaf fhe facf fhaf fhe nerve is fixed 
makes if vulnerable fo fhe sfrefch frauma fhaf pur- 
porfedly occurs wifh forced, abrupf inversion and 
planfar flexion af fhe ankle. Sfyf and Korner*’™ have 
documenfed superficial peroneal nerve enfrapmenf 
as a complicafion of fasciofomy performed fo ad¬ 
dress chronic anferior comparfmenf syndrome. 
Schon and Baxfer®®® presenfed a case of a female 
fennis player who had a superficial peroneal nerve 
enfrapmenf mosf likely affribufable fo compression 
by a ganglion cysf. Sfyf reporfed one case of surgi¬ 
cally documenfed superficial peroneal nerve en¬ 
frapmenf by scar fissue following an earlier 
fasciofomy fo decompress fhe laffer nerve.*’'® 

Clinical Presentation 

The fypical pafienf presenfs wifh longsfanding 
complainfs of pain involving fhe laferal leg and 
dorsum of fhe foof. Abouf one fhird reporfedly have 
addifional complainfs of numbness and paresfhe- 
sias in fhe laffer disfribufion.®®® As noted previously, 
approximafely 25% have a hisfory of preceding 
frauma.®'® Ankle sprains are cifed as fhe mosf com¬ 
mon form of possible precipifafing injury.®®® Al- 
fhough ankle eversion weakness may be associated 
wifh enfrapmenf of fhis nerve, a review of fhe lif- 
erafure fails fo documenf weakness as a presenfing 
complainf. If is possible fhaf fhe presence of chronic 
compression injury of fhe superficial peroneal nerve 
acfually predisposes an individual fo frequenf ankle 
sprains. The sprains would fhen be an indirecf 
manifesfafion of ankle weakness. Exercise usually 
exacerbates fhe sympfoms. Nocfurnal exacerbafions 
are reporfedly uncharacferisfic.®®® 

Pafienfs may presenf wifh hypesfhesia in fhe sen¬ 
sory disfribufion of fhe superficial peroneal nerve, 
buf Schon and Baxfer®®® reporf fhaf diminished sen- 
safion fo lighf fouch and pinprick is acfually afypi- 
cal. Pafienfs may also have ankle eversion weakness. 
A TineTs sign may be elicifed wifh a lighf fap over 
fhe sife where fhe nerve emerges from fhe deep fas¬ 
cia, wifh radiafion fo fhe dorsum of fhe foof and 
foes. Poinf tenderness and a palpable bulge or fas¬ 
cial defecf may also be defecfed af fhe poinf fhe 
nerve pierces fhe fascia.®®® 


Sfyf®'® advocafes fhe use of fhree provocafive fesfs 
fo defermine if a superficial peroneal enfrapmenf 
neuropafhy is presenf. One involves applying pres¬ 
sure af fhe poinf fhe nerve emerges from fhe fascia 
(af fhe juncfion of fhe middle and disfal fhirds of 
fhe laferal leg) while fhe pafienf simulfaneously 
acfively dorsiflexes and everfs fhe foof againsf re- 
sisfance. The second fesf involves passive planfar 
flexion and inversion of fhe ankle wifhouf apply¬ 
ing pressure af any poinf along fhe nerve course. 
The final and fhird fesf is performed by mainfain- 
ing passive sfrefch in planfar flexion and inversion 
while fhe nerve is percussed along ifs subcufane- 
ous roufe. Aposifive fesf wifh any one of fhese ma¬ 
neuvers is manifested by fhe precipifafion of pain 
or paresfhesias in fhe laferal leg or dorsum of fhe 
foof and ankle. Sfyf confends fhaf a posifive fesf 
suggesfs superficial peroneal enfrapmenf neuropa¬ 
fhy and should prompf furfher neurophysiologic in- 
vesfigafion for confirmafion.®'® His diagnosfic cri¬ 
teria for diagnosis of fhe laffer nerve enfrapmenf 
include decreased sensibilify and pain over fhe dor¬ 
sal aspecf of fhe foof af resf or during exercise, along 
wifh af leasf one posifive fesf among fhe fhree afore- 
menfioned fesfs.®'® 

Differential Diagnosis 

Anferoposferior, laferal, and oblique radiographs 
of fhe leg and ankle should be performed fo rule 
ouf fhe possibilify of a sfress fracfure or bone fu- 
mor. An elecfrodiagnosfic sfudy should be performed 
fo confirm fhe presence of a superficial peroneal nerve 
enfrapmenf neuropafhy, as well as fo exclude fhe pos¬ 
sibilify of a more proximal peroneal nerve injury 
or an L-5 radiculopafhy. A measure of fhe sensory 
acfion pofenfials of fhe cufaneous branches serv¬ 
ing fhe dorsum of fhe foof can be performed. This 
technique is pofenfially beneficial in idenfifying en¬ 
frapmenf of fhe superficial peroneal nerve af fhe poinf 
if emerges from fhe fascia or in isolating more disfal 
involvemenf of fhe cufaneous branches.^®® Injection 
of a local anesfhesfic, such as 1% xylocaine, along 
wifh cortisone in fhe region of suspecfed enfrap¬ 
menf may be bofh diagnosfic and fherapeufic. 

Treatment 

Avoidance of pofenfial sources of repefifive 
frauma or sfrefch injury should be fhe initial goal. 
Running acfivifies, in parficular, may need fo be 
curfailed or reduced. If signs and sympfoms are 
mild and fhere is a perceived need fo confinue such 
acfivify by an afhlefe, fhen use of supporfive foof- 
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wear or stabilizing foot orthotics may be sufficient 
to address the problem. Specifically, shoes or foof 
orfhofics providing appropriafe arch supporfs and 
exfernal heel counfers may add sufficienf ankle sfa- 
bilify fo minimize fhe pofenfial for recurrenf ankle 
sprains. Occasionally, an aircasf brace may be war- 
ranfed if only mild addifional ankle mediolaferal 
sfabilify is necessary. If signs and symptoms per¬ 
sist or if more significanf impairmenf is nofed, com- 
plefe avoidance of exacerbafing exercises or sporf 
parficipafion may be necessary. Injecfion of a local 
anesfhefic wifh corfisone af fhe sife of suspecfed 
enfrapmenf may provide prompf and lasfing relief. 
A frial of NSAIDs may offer some relief. 

Exfrinsic compression of fhe cufaneous branches 
of fhe superficial peroneal nerve is rarely docu- 
menfed. However, if such is suspecfed by history 
and examinafion, avoidance of overly fighf lacing 
of shoes, excessively tighf boofs, or ofher poorly fif- 
fing foofwear may prove beneficial. 

If conservafive measures fail, fasciofomy of fhe 
fascial funnel fhrough which fhe superficial pero¬ 
neal nerve passes is advocafed as a pofenfially ef- 
fecfive means of freafing fhis problem.®™The afore- 
menfioned young woman presenfing wifh bilaferal 
superficial peroneal nerve enfrapmenf neuropafhies 
was successively managed wifh decompression of fhe 
nerve by bilaferal, local fasciofomies.®^® Sfyf®^^ sfud- 
ied 21 pafienfs wifh documenfed superficial peroneal 
nerve enfrapmenf. Each had been managed wifh 
fasciofomy and neurolysis. Of fhe 19 reviewed af a 
lafer dafe, 9 reporfed complefe safisfacfion, while an- 
ofher 6 had improvemenf buf were unsafisfied since 
improvemenf was insufficienf fo allow performance 
of fheir afhlefic acfivify. Three of fhe 19 reporfed 
no change and one was acfually worse. 

Sural Entrapment Neuropathy 

Sural entrapment neuropathy is infrequently di¬ 
agnosed. It reportedly has no particular age or gen¬ 
der distribution.®^® Although entrapment may oc¬ 
cur at any point along the course of fhe nerve, if 
mosf commonly occurs af fhe poinf fhe nerve exifs 
fhe fascia in fhe leg 20 fo 25 cm above fhe base of 
fhe heel.«"'®™ 

Anatomic Considerations 

The sural nerve is a branch of fhe disfal sciafic 
nerve. If courses fhrough fhe posferior comparfmenf 
of fhe leg and surfaces fhrough fhe fascia. As previ¬ 
ously nofed, fhis occurs af 20 fo 25 cm above fhe 
base of fhe heel.^^^ If fhen passes down fhe laferal 


aspecf of fhe calf and posferior fo fhe laferal mal¬ 
leolus. If innervafes fhe laferal parf of fhe heel and 
sole of fhe foof up fo fhe base of fhe fiffh foe. 

Etiology 

Sural nerve injury may occur as fhe resulf of lac- 
erafion frauma or compression injury. If reporfedly 
occurs mosf frequenfly in runners.®®® The nerve is 
parficularly vulnerable fo compression af fhe poinf 
if pierces fhe fascia. This is a common sife for par- 
fial or complefe excision biopsy of fhe nerve.^^^ Sural 
nerve compression has also been reporfed in afh- 
lefes wifh fracfures of fhe base of fhe fiffh mefafar- 
sal incurred wifh severe ankle planfar flexion and 
inversion injuries.®™'®^^ 

Recurrenf ankle sprains wifh accompanying scar 
formafion have been posfulafed fo cause sural en¬ 
frapmenf neuropafhy.®™ Schon and Baxfer®®® reporf 
a case of a male middle-disfance runner wifh a fwo- 
year history of pain along fhe Achilles fendon. In 
fhe laffer case, fhe sural nerve was found fo be 
fighfly adherenf fo an aponeurofic band behind fhe 
Achilles fendon. The pafienf responded successfully 
fo surgical release of fhe aponeurosis and laferal 
displacemenf of fhe sural nerve. 

Anofher pofenfial cause of sural nerve enfrap¬ 
menf includes ganglion of fhe peroneal sheafh or 
calcaneal cuboid joinf.®®®'®^^ Schon and Baxfer®®® also 
dfe a case reporf by Husson and colleagues in which 
an individual was found fo have enfrapmenf of fhe 
sural nerve by myosifis ossificans circumscripfa af 
fhe musculofendinous juncfion of fhe Achilles. 

Clinical Presentation 

Pafienfs fypically complain of progressive in¬ 
crease in sympfoms of paresfhesias and shoofing 
pain down fhe laferal aspecf of fhe leg wifh radia- 
fion fo fhe laferal aspecf of fhe ankle and foof. They 
may have a hisfory of recurrenf ankle sprains. As 
previously nofed, fhey may presenf wifh a hisfory 
of running for exercise or sporf. An increase in mile¬ 
age or infensify of running may be femporally re- 
lafed fo onsef of fheir sympfoms. 

There may be decreased sensafion fo lighf fouch 
or pinprick in fhe disfribufion of fhe sural nerve, 
buf if is fypically limifed fo an area a few cenfime- 
fers below fhe laferal malleolus.^^^ A TineTs sign may 
be elicifed wifh percussion af fhe sife of enfrapmenf. 
This sign mosf commonly occurs af fhe nerve's exif 
from ifs fascia. If is characferisfically manifesfed by 
radiafing paresfhesias beyond fhe area of sensory 
toss fo fhe laferal aspecf of fhe foof.^^^ Affer nerve 
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biopsy, permanent sensory loss or persistent pain¬ 
ful paresthesias are potential complications. 

Differential Diagnosis 

Electrodiagnostic studies, specifically a sural sen¬ 
sory NCS, may be helpful in confirming fhe pres¬ 
ence of fhe enfrapmenf neuropafhy and in exclud¬ 
ing fhe possibilify of a sciafic nerve lesion, an S-1 
radiculopafhy, or a peripheral neuropafhy. Radio- 
graphic evaluafion of fhe leg, ankle, or foof may be 
warranfed if pain is fhe sole or primary complain!. 
The laffer sfudies would serve fo exclude fhe pos¬ 
sibilify of a sfress fracfure or bone fumor. 

Treatment 

Cessafion or modificafion of a suspecfed precipi- 
fafing acfivify, such as running, should be recom¬ 
mended. The use of orfhofics or bracing has nof 
been advocafed in fhe liferafure, presumably be¬ 
cause if has limifed applicafion in fhis form of en¬ 
frapmenf neuropafhy. A frial of NSAIDs is war¬ 
ranfed. If unresponsive fo conservafive manage- 
menf, surgical explorafion and decompression af 
fhe sife of enfrapmenf merifs considerafion. 

Digital Neuropathies 

Digital neuropathies secondary to interdigital 
neuromas are relatively common, particularly in the 
athletic population. Runners and dancers appear to 
be the most susceptible to this problem.The eld¬ 
erly population and women appear to manifest this 
form of neuropafhy wifh greafer frequency fhan 
ofhers. In fhe former, if may simply reflecf fhe ef- 
fecfs of chronic repefifive nerve irrifafion fhaf may 
come wifh increasing age, and in women presum¬ 
ably due fo wearing of high heels and fighf, poinfed 
shoes. 

Morion's foe neuroma is a specifically described 
enfrapmenf of an inferdigifal nerve. This inferdigi- 
fal neuroma is fypically described as occurring be- 
fween fhe fhird and fourfh digifs of fhe foof, al- 
fhough if may also occur in fhe second web 
space.^^'®’® 

Anatomic Considerations 

The medial planfar nerve is fhe larger of fhe fwo 
ferminal branches of fhe fibial nerve. In ifs disfal 
segmenf, if divides info four planfar digif- 
al nerves. The planfar digifal nerves are disfribufed 
fo fhe planfar aspecf of fhe medial fhree and one- 


half foes. In addifion, fhey also innervafe fhe disfal 
aspecf of fhe exfensor surface of fhese foes. The firsf 
planfar digifal nerve innervafes fhe medial surface 
of fhe planfar aspecf of fhe greaf foe, while fhe ofher 
fhree provide nerve supply fo adjacenf sides of fhe 
greaf, second, fhird, and fourfh foes, respecfively. 
The second planfar nerve also supplies fhe firsf lum- 
brical muscle. 

The laferal planfar nerve divides info a superfi¬ 
cial and a deep branch in ifs disfal segmenf. The 
superficial branch fhen divides info fwo planfar 
digifal nerves. One of fhe laffer nerves supplies fhe 
laferal side of fhe liffle foe, fhe flexor digifi minimi 
muscle, and fhe fwo inferosseus muscles of fhe 
fourfh space. The ofher digifal nerve innervafes fhe 
adjacenf sides of fhe fourfh and fiffh foes, as well 
as fhe disfal parf of fhe exfensor surface of fhe cor¬ 
responding disfal phalanges. The deep branch of 
fhe laferal planfar supplies fhe inferossei of fhe firsf 
fhree spaces, fhe fwo or fhree laferal lumbricals, and 
fhe adducfor hallucis muscle. 

Etiology 

Morion is nofed fo have described fhe condifion 
of Morion's foe neuroma in 1876 and fell fhaf if was 
caused by pinching of fhe laferal planfar nerve. 
However, if look unfil fhe 1940s before if was rec¬ 
ognized fhaf fhe signs and sympfoms were acfu- 
ally due fo a neuroma of fhe inferdigifal nerve sec¬ 
ondary fo enfrapmenf.Review of fhe liferafure 
by Guiloff and colleagues“^ indicafe fhaf an early 
invesfigafor fell fhaf fhis nerve lesion was due fo 
ischemic insulf, nofing fhaf a number of invesfiga- 
fors since fhaf earlier lime supporf fhe confenfion 
fhaf if is, in facf, an enfrapmenf neuropafhy. 

The sharp anferior edge of fhe deep planfar fas¬ 
cia forms fhe infermefafarsal ligamenf and if is fhis 
sfrucfure fhaf is fell fo cause focal injury fo a digi¬ 
fal nerve.As previously nofed, fhe foes are forced 
info dorsiflexion af fhe mefafarsophalangeal join! 
when high heels and fighf, poinfed shoes are worn. 
This posfure is fell fo force fhe nerve againsf fhe 
infermefafarsal ligamenf wifh resulfing compres¬ 
sion neuropafhy. The repefifive, exfreme dorsiflex¬ 
ion fhaf occurs af fhe mefafarsophalangeal joinfs of 
dancers and runners presumably causes repefifive 
microfrauma fo fhe planfar nerve when if is repeaf- 
edly forced up againsf fhe disfal edge of fhe 
infermefafarsal ligamenf.®^*’Repefifive or susfained 
squalling is also associafed wifh excessive dorsiflex¬ 
ion af fhe mefafarsophalangeal joinfs and fhus, is 
considered a possible cause of planfar nerve enfrap¬ 
menf neuropafhy. 
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It has also been suggested that runners with a 
hypermobile first metatarsal are more susceptible 
to developing calluses under the second and third 
metatarsal heads. A neuroma may develop as a con¬ 
sequence of fhe pressure creafed by fhe calluses.®®'’ 
Schon and Baxfer®®® feel excessive pronafion may 
resulf in increased dorsiflexion of fhe fhird mefa- 
farsal relafive fo fhe fourfh. As a consequence, fhe 
nerve is felf fo be more vulnerable fo impingemenf 
in fhe presence of hyperpronafion. 

Clinical Presentation 

Burning pain is characferisfic of digifal neuro- 
pafhies due fo inferdigifal neuromas. The pain is 
fypically in fhe planfar region and exacerbafed wifh 
prolonged sfanding or running, parficularly sprinf- 
ing or long-disfance running.Some relief is 
fypically obfained wifh resf, genfle foof massage, 
and elevafion of fhe affecfed lower exfremify. Ach¬ 
ing, cramping, or sharp pain wifh radiafion fo fhe 
foes has also been recorded.®®'’Ofhers have reporfed 
infermiffenf pain described as a slabbing, shoofing, 
or pricking discomforf "like needles." Sfill ofhers 
complain of a piercing, hof pain.®^® 

Poinf fenderness wifh palpafion over fhe mefa- 
farsal head or more fypically wifh pressure in fhe 
space befween fhe mefafarsal heads, usually be- 
fween fhe fhird and fourfh foes, is a reproducible 
finding. Less frequenfly, fhe fenderness may be elic- 
ifed wifh pressure befween fhe second and fhird 
foes.^®®'®®® Focal swelling may be defecfed af fhe sife 
of fenderness. Exquisife pain may be elicifed by 
squeezing fhe mefafarsal heads fogefher.®®®Ofher pro- 
vocafive fesfs fo reproduce symptoms also include 
passive dorsiflexion of fhe foes along wifh firm pal¬ 
pafion of fhe infermefafarsal space and squalling by 
fhe pafienf. There may be a hypermobile firs! mefa¬ 
farsal and calluses under fhe second and fhird mefa¬ 
farsal head, condifions fhaf have been suggested fo 
predispose individuals fo developing inferdigifal 
neuromas. Alfhough nof consisfenfly presenf, im¬ 
paired sensafion in fhe medial half of fhe fourfh foe 
may be presenf; however, ofher objecfive neurologic 
deficifs are reportedly nof fypically found. 

Differential Diagnosis 

Sfress fracfures, arfhrific disease, and bone fu- 
mors should be excluded wifh appropriate radio¬ 
graphs. Mefafarsal capsulifis due fo sfrain, confu¬ 
sion, or a subluxed mefafarsophalangeal join!, as 
well as advenfifious bursas, sesamoidifis, planfar 


fasciifis, and peripheral neuropafhy may mimic 
some of fhe signs and sympfoms found wifh infer¬ 
digifal neuromas; however, an appropriafe hisfory 
and careful physical examinafion will generally 
exclude fhese condifions. 

Electrodiagnosis 

An elecfrophysiologic technique for assessing fhe 
infegrify of fhe inferdigifal nerves has been devel¬ 
oped by Oh and colleagues.®®" If includes elecfrical 
sfimulafion of fhe greaf foe and fiffh foe wifh ring 
elecfrodes. The recording elecfrode is provided by 
placemenf of a near-nerve needle af fhe ankle. This 
technique permifs simulfaneous sfimulafion of fwo 
branches of fhe inferdigifal nerves."®®'®®"Dawson and 
colleagues"®® poinf ouf fhaf decrease in fhe amplifude 
of fhe sensory acfion pofenfial is characferisfic of an 
affecfed inferdigifal nerve. Guiloff applied a similar 
elecfro-physiologic fechnique fo assess pafienfs pre¬ 
senting wifh Morton's mefafarsalgia. They concluded 
fhaf fhis form of assessmenf wifh fhe fechnique fhey 
employed was nof advisable for routine festing of such 
pafienfs nor a replacemenf for a sound clinical 
examinafon.®®® Kafz®®® acknowledges fhaf such 
elecfrophysiologic sfudies are available, buf notes fhaf 
success in obfaining consisfenf resulfs is variable. 

Treatment 

Conservative freafmenf for inferdigifal neuromas 
initially includes avoidance of fhe physical acfivify 
presumed fo precipifafe or exacerbafe fhe symp¬ 
foms. If also includes prescription of an NSAID, 
local massage, as well as shoe modifications and 
fhe use of foof orfhofics. Typically, mefafarsal pads 
and shoes wifh an ample foe-box are prescribed. Af 
fimes, exfra-depfh shoes are employed. Use of 
high-heels and poinfed shoes are discouraged. A frial 
injecfion of cortisone wifh local anesfhesfic occasion¬ 
ally offers lasfing relief. However, Tillich and Baxfer®®® 
poinf ouf fhaf use of mefafarsal pads and local anes- 
fhefic and cortisone injections are successful in re¬ 
lieving sympfoms less fhan 50% of fhe fime. 

If a pafienf's sympfoms are refracfory fo fhe 
aforemenfioned conservative measures, fhen exci¬ 
sion of fhe neuroma in fofo is advocafed. Dawson 
and colleagues"®® reporf fhaf fhis parficular surgi¬ 
cal infervenfion has a high success rate wifh fhe 
primary residual deficif limifed fo fhe sensory dis- 
fribufion of fhe excised nerve. As previously nofed 
however, fhe sharp anferior edge of fhe deep plan- 
far fascia forms fhe infermefafarsal ligamenf and if 
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is this structure that is felt to cause focal injury fo a 
digifal nerve.This consfifufes fhe rafionale for re¬ 
leasing fhe latter ligamenf wifhouf excision of fhe 


neuroma as advocafed and pracficed by Gaufhier. 
He reporfedly obfained successful resulfs in over 
200 pafienfs managed in fhis fashion. 


CONCLUSION 


Traumafic injuries fo fhe peripheral nerves pose 
complex challenges fo fhe milifary physician. While 
fhe efiology and specific pafhology may be wide 
ranging, if is nof uncommon for even mild injuries 
fo be severely disabling, if nof properly diagnosed 
and freafed. Comprehensive managemenf requires 
an exfremely defailed assessment and may require 
bofh elecfrodiagnosfic fesfing and surgical explora- 
fion. 

Treafmenf of nerve injuries musf be mulfidisci- 
plinary and musf consider all aspecfs of fhe in- 
herenf disabilify. Pain confrol is of primary impor- 


fance. Little else in ferms of funcfional resforafion 
will be accomplished unfil pain is broughf down fo 
tolerable levels. As neural regenerafion may fake 
monfhs fo become clinically evident even after sur¬ 
gical infervenfion, profecfion of fhe affecfed area 
from complicafions of disuse and immobilify are 
essenfial. Rehabilifafion efforfs, including fhe en- 
hancemenf of sfrengfh, flexibilify, sensory discrimi- 
nafion, and dexferify, musf commence early in fhe 
freafmenf course fo harness and improve residual 
funcfion and fo sef fhe sfage for more complefe and 
successful recovery as reinnervafion occurs. 
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INTRODUCTION 


Most burn casualties require evacuation from the 
theater of operations. Ideally, severely burned ca¬ 
sualties will be evacuated rapidly to burn centers, 
such as the U.S. Army's Institute of Surgical Re¬ 
search at Fort Sam Houston, Texas. Actual battle¬ 
field conditions, including dehydration, decreased 
nutritional balance, fear, ofher psychological sfres- 
sors, and exfremes of climafe may confribufe fo fhe 
severify of fhe burn wounds and also hinder fhe 
healing process. Fluid for wound cleansing, fopical 
anfimicrobials, effective analgesics, and bandages 
are not easily carried in a field pack. The mobile 
army surgical hospifal is nof appropriafe fo care for 
burn wounds, which heal in fwo fo fhree weeks or 
which need graffing and rehabilifation. 

This chapfer will primarily address rehabilifafion 
care of fhe casualfy who is fransferred back fo a burn 
confer in fhe confinenfal Unifed Sfafes. Affer a ma¬ 
jor burn injury, fhe casualfy benefifs from a com¬ 


prehensive rehabilifafion freafmenf plan fo quickly 
recover fhe maximal possible preburn sfafus of 
strengfh, endurance, acfive range-of-mofion 
(AROM), coordinafion, and menfal funcfioning. The 
rehabilifation plan will assist military personnel to 
achieve independent self-care and refurn fo acfive 
duly as soon as fhe wounds are healed and durable. 
For opfimal final oufcome, fhe consfanf goal of fhe 
casualfy, family, surgeon, and fherapisfs musf be 
achieving fhe soldier's preburn level of acfive func- 
fion and refurn fo dufy, despife fhe burn injury. 

The following presenfafion is divided into four 
sections, the first three introductory sections dis¬ 
cuss (1) classification, (2) pathophysiology, and (3) 
medical surgical considerations of burns. The fourfh 
secfion deals wifh fhe managemenf and rehabilifa¬ 
fion of burn casualfies; and is divided info (a) fhe 
acufe phase, (b) fhe immobilizafion phase, and (c) 
fhe mafurafion phase of wound healing. 


CLASSIFICATION 


Burns are classified by mechanism of causafion: 
fhermal, chemical, elecfrical, and radiafion; fhe 
depfh of injury; fhe locafion of injury; and associaf- 
ed ofher injuries. 

Thermal Injuries 

Heaf injury accounfs for 85% fo 90% of civilian 
burn vicfims in fhe Unifed Sfafes, wifh chemical and 
elecfrical making up fhe majorify of fhe remainder. 
Flame burns are fhe mosf common casualfies seen 
at a time of conflicf and may be caused by pefro- 
leum producfs including napalm, jef fuel, or gaso¬ 
line. Confacf wifh hot liquids results in scald burns; 
grease burns are common among cooks, kitchen 
workers, and mechanics. Superheated steam burns 
with inhalation complications occur from ship or 
submarine boilers. 

Cold injury has some of fhe characferisfics of 
fhermal injury and mosf commonly occurs when a 
disfal parf is exposed fo low environmental tem¬ 
peratures. Volatile liquids can produce localized 
freezing injury fo fissues, especially if fhe liquids 
are allowed to escape and change rapidly to a gas¬ 
eous state. The severity of injury depends on fhe 
infensify and durafion of exposure and fhe care 
faken to avoid damaging the cell nucleus while it is 
in crystal form. The depfh of injury can rarely be 
defermined before rewarming. Forfunafely, fhe de¬ 


gree of gangrene is offen less fhan initially feared. 
For fhis reason, unlike heaf injuries, ampufafion is 
delayed until the extent of gangrene is cerfain. Un¬ 
like heaf injury, affer healing fhere is frequenf per¬ 
manent increase in vasoconstrictor tone resulting 
in hyperhidrosis and abnormal sensitivity to cold. 
Pain and paresthesia are common from residual 
neurifis. Long ferm joinf chondral changes are com¬ 
mon, especially in fhe small finger joinfs. 

Chemical Burns 

Mosf chemical burns are caused by acids, alka¬ 
lis, or vesicanfs. Except for whife phosphorus, most 
chemical burns should be immediately treated with 
copious water lavage for a minimum of 30 minufes; 
it is inappropriate to waste valuable time search¬ 
ing for a specific neufralizing agenf. Neufralizafion 
generafes heaf and increases fhe depfh of burn. 
Powdered chemicals should be brushed away prior 
fo wafer lavage fo decrease the quantity of expo¬ 
sure. Lavage is confinued unfil skin pH has refurned 
fo neufral and pain has abafed. Lavage of fhe eye is 
performed wifh an irrigafing lens. 

Chemical agenfs produce direcf fissue damage 
by a variefy of reacfions. Acid burns fend fo be 
superficial in depth whereas alkali burns tend to 
burrow into the tissues and cause more significant 
destruction. Acids cause coagulation necrosis (Fig- 
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Fig. 10-1. Coagulation necrosis of shoulder, secondary 
to acid burn. 

ure 10-1). Alkalis cause liquefaction necrosis. Once 
the initial care, neutralization, and removal of the 
offending agent are completed, the rehabilitative 
care is much the same as that for a thermal burn. 

White phosphorus, which ignites on contact with 
air, is covered with water or saline until the wound 
can be debrided of all phosphorus. Hydrofluoric 
acid requires copious water lavage followed by topi¬ 
cal calcium gluconate. Calcium gluconate injected 
into the area may decrease the severity of the in¬ 
jury. The use of intraarterial calcium gluconate for 
wounds of the hands and feet is beneficial. 

Mustard is the vesicant most likely to be used in 
warfare. It is rapidly absorbed by the skin, conjunc- 




Fig. 10-3. Electrical exit injury. 

tiva, and mucous membranes, and within minutes, 
irreversibly combines with tissue proteins. Oph¬ 
thalmic injuries are best treated with copious wa¬ 
ter irrigation. Skin is decontaminated with 0.5% 
hypochlorite. In general, the skin burns are super¬ 
ficial and heal without difficulties. Injuries to the 
mucosal linings are much more serious and disable 
the soldier for combat. 

Electrical Injuries 

Electrical injuries result from the conduction of 
electrical energy through tissue or from heat which 
is released as the current arcs through the air (Fig¬ 
ure 10-2). Current arcs may generate temperatures 
as high as 3,000°C; as they arc, they ignite clothing, 
which results in a combination electrical (Figure 10- 
3) and thermal injury (Figures 10-4 and 10-5). 

Injuries caused by low voltage current (< 1,000 
V) are occasionally fatal due to immediate ventricu¬ 
lar fibrillation. Survivors rarely have significant tis¬ 
sue damage. 



Fig. 10-2. Demonstration of electrical arc ("Jacob's Lad- Fig. 10- 4. Superficial partial thickness burn blisters from 
der" effect). a thermal burn. 
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Fig. 10-5. Mixed deep partial and full thickness thermal 
burn. 

High voltage (> 1,000 V) current can damage tis¬ 
sue anywhere along its route. Electrical injuries are 
heat related. Electrical energy is converted to heat 
energy as expressed by Joule's law: power or heat 
equals amperage squared times resistance {P=P»R). 
The higher the voltage and / or the amperage, the 
greater the amount of heat that will be generated 


and the more serious will be the problem. Measure¬ 
ment of fissue femperafure experimenfally reveals 
fhaf fissue femperafure is highesf direcfly under- 
neafh and adjacenf fo fhe confacf sife of fhe enfrance 
and exif wounds. Deep fissue desfrucfion is always 
greafesf in areas of fhe body wifh small volume such 
as fhe fingers, foes, wrisfs, or ankles. The farfher 
away fhe fissue is from fhe confacf poinf, fhe less 
fhe currenf densify is, and, fherefore, fhe less heaf 
is generafed. Various fissues have differenf resis- 
fance fo currenf flow wifh nerve and blood vessel 
having low resisfance and carfilage and bone hav¬ 
ing high resisfance. Because bone has a high resis¬ 
fance, currenf fends fo flow af ifs surface and, fhere¬ 
fore, femperafure is greafesf af fhe periosfeum. 
Thus, muscle damage is offen exfensive adjacenf fo 
fhe bone, and many fimes fhe periosfeum and por- 
fions of fhe oufer corfex of fhe bone may nof be vi¬ 
able. For fhese reasons, an elecfrical injury may nof 
appear severe inifially since only fhe enfrance and 
exif (see Figure 10-3) sifes show visible damage, yef 
fhe casualfy may have severe limb damage fhaf will 
necessifafe limb ampufafion.^ 

A sensifive indicafor of fofal muscle damage fol¬ 
lowing elecfrical injuries is fhe serum creafine ki¬ 
nase (CK). In a recenf sfudy, pafienfs wifh a fofal 
CK of under 400 infernafional unifs (lU) had no sig- 
nificanf fissue loss; a few pafienfs wifh fofal CK 
concenfrafion ranging befween 400 lU and 2,500 lU 
had digif ampufafions or skin graffs. Pafienfs wifh 
a fofal CK greafer fhan 2,500 lU had a high risk of 
major ampufafion; and fhose wifh a CK fofal greafer 
fhan 10,000 lU had an 84% risk of major ampufa¬ 
fion or permanenf neurologic deficif.^ 


FACTORS IN BURN SEVERITY 


Age 

The severify of burn injury is defermined by pa- 
fienf age, fofal body surface area (TBSA), associafed 
injuries, and fo a lesser exfenf, burn depfh and as¬ 
sociafed illnesses.^ The very young and fhe very old 
do nof folerafe illness and frauma, parficularly burn 
frauma, as well as fhose in fhe prime of fheir lives. 
In fhe case of burns, fhis "prime" lies somewhere 
befween 10 and 50 years of age. Persons af fhe ex- 
fremes of age generally are more fragile physiologi¬ 
cally and folerafe poorly fhe massive fluid shiffs and 
infecfious complicafions associafed wifh fhe burn 
and ifs freafmenf. The American Burn Associafion, 
in ifs 1992 Posfgraduafe Course recognized fhis ef- 
fecf of aging and recommended fhaf pafienfs wifh 
smaller burns, if young or old, be freafed in a burn 


cenfer. During combaf, available resources musf be 
expended on fhose individuals wifh fhe greafesf 
chance for survival. 

Milifary burn casualfies fypically range from 18 
fo 40 years of age. In confrasf, approximafely 50% 
of pafienfs admiffed fo a civilian regional burn cen¬ 
fer will be under 18 or over 50 years of age. 

Burn Size 

Evaluafion and freafmenf of fhe burn requires an 
accurafe assessmenf of burn size. The fhree mosf 
commonly used mefhods of defermining burn size 
are fhe Rule of fhe Palm, fhe Rule of 9s, and fhe 
Lund and Browder charf. The Rule of fhe Palm 
sfafes fhaf fhe pafienf's palm, excluding fhe fingers 
and fhe fhumb, is approximafely equal fo 0.5% of 
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Fig. 10-6. The Rule of 9s. Adapted from Bowen TE, Bellamy 
RF, eds. The Emergency War Surgery NATO Handbook. 2nd 
rev. Washington, DC: Department of Defense; 1988. 

the patient's TBSA. The Rule of the Palm may be 
used as a quick estimate of burn surface area in- 
volvemenf and can be easily applied in fhe emer¬ 
gency room or field setting for deferminafion of 
small burns or burns of scattered areas. 

The Rule of 9s (Figure 10-6) is a convenienf way 
of esfimafing adulf fofal body surface area. Devel¬ 
oped in fhe 1940s by Pulaski and Tennison, if is eas¬ 
ily remembered because if divides fhe body surface 
info areas of 9% or mulfiples of 9%. The head and 
neck equal 9%, each arm and hand is 9%; fhe anfe- 
rior and posferior frunk are fwo 9s, or 18% each; 
each leg is fwo 9s, or 18%; and fhe perineum is 1%. 
The Rule of 9s is easily applied in field sifuafions, 
buf we believe if fo be relafively inaccurafe.® 

The Lund and Browder charf (Figure 10-7) was 
developed nearly 50 years ago and more accurafely 
defines burn size, and is used in mosf burn cenfers. 
This charf assigns a percenf of surface area fo body 
segmenfs.® If fakes info accounf fhe disproporfionafe 
growfh of frunk, head, and lower exfremifies in chil¬ 
dren. However, fhe charf is nof always readily avail¬ 
able and is too complex fo commif fo memory. 

Burn Depth 

Burns historically have been classified info 
degree cafegories: firsf, second, fhird, and fourfh 
(Figure 10-8). Firsf and second degree burns 
are parfial fhickness injuries, whereas fhird de- 




Relative Percentages of Areas Affected by Growth 


Age 
in Years 

Half of 

Head (A) 

Half of One 
Thigh (B) 

Half of One 
Leg (C) 

Infant 

1 

9 4 

2V4 

1 

2 4 

1 

8 Vs 

3 V 4 

2 Vs 

5 

6 Vs 

4 

2V4 

10 

1 

5 4 

4 V 4 

3 

15 

4 Vs 

4 Vs 

3 V 4 

Adult 

3 Vs 

4V4 

3 Vs 


Fig. 10- 7. The Lund and Browder chart. Adapted from 
Cioffi WG, Jr, Rue LW III, Buescher TM, Pruitt BA. A 
brief history and the pathophysiology of burns. In: 
Bellamy RF, Zajtchuk R, eds. Conventional Warfare: 
Ballistic, Blast, and Burn Injuries. Part 1, Vol 5. In: 
Textbook of Military Medicine. Washington, DC: Office 
of The Surgeon General, Department of the Army, and 
Borden Institute; 1991: 341. 

gree burns are full fhickness. Firsf degree burns in¬ 
volve only fhe epidermis, are eryfhemafous 
or deeply fanned in appearance, and do nof blisf- 
er. Sunburn (Figure 10-9) is a fypical firsf degree burn, 
heals in 3 fo 6 days, and has no long ferm sequelae. 

A second degree burn involves bofh fhe epider¬ 
mis and dermis. A superficial second degree (su¬ 
perficial parfial fhickness) burn (see Figure 10-4) 
blisfers, is moisf and eryfhemafous, and reepifhe- 
lializes in less fhan 3 weeks in adulfs or less fhan 2 
weeks in children. Superficial second degree burns 
are besf freafed wifh daily dressing changes and 
allowed fo heal wifhouf surgical infervenfion. A 
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Fig. 10-8. Skin diagram illustrating depth of injury. 


superficial second degree burn may heal with mi¬ 
nor color and texture changes, but it does not de¬ 
velop hypertrophic scarring. 

In contrast, a deep second degree (deep partial 
thickness) burn (see Figure 10-5) is cream colored 
or white beneath the blisters, takes longer than 3 
weeks to heal in adults (> 2 weeks in children un¬ 
der 10 years of age), and is best treated with early 
excision and grafting. A spontaneously healed deep 



Fig. 10-9. Sunburn injury. 



Fig. 10-10. Burns secondary to explosion and gunshot 
wound. Note that the explosive device caused fragment 
wounds and burns. Intraabdominal pathology necessi¬ 
tated splenectomy and repair of gastric lacerations. 

second degree burn will have fragile skin and may 
develop severe scarring. 

Athird degree (see Figure 10-5) (full thickness) burn 
involves the entire depth of the skin, destroys both 
the epidermis and dermis, and must heal from the 
margins. A third degree burn larger than 3 cm in di¬ 
ameter is best treated with early excision and grafting. 

A fourth degree burn occurs when damage is 
deep to the skin and involves muscle, bone, and 
other deeper tissues. 

Associated Illnesses and Injuries 

Most military casualties occur in healthy adults. 
If civilians are injured it must be remembered that 
chronic illnesses such as diabetes, renal failure, and 
chronic liver disease increase their mortality. A psy¬ 
chiatric illness or chemical dependency will com¬ 
plicate nursing care, interfere with surgical treat¬ 
ment, and impede normal rehabilitation. 

Combat burn victims have a high incidence of 
associated injuries^ (Figure 10-10). The acute injur¬ 
ies, whether due to penetrating or blunt trauma, are 
given first priority and will be handled in the field 
hospital. The patient's burn fluid resuscitation is 
performed during the treatment of the other inju¬ 
ries. Inhalation injuries complicate about 20% of 
burn admissions. 
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TREATMENT OE BURNS 


Topical Treatment 

Burn wounds are cleansed once or twice daily 
followed by application of a topical agent. For small 
wounds (less than 10% TBSA), a soothing ointment 
such as Bacitracin (Barre-National, Inc.) is a rela¬ 
tively inexpensive topical agent, but does not 
penetrate well and is ineffective against gram nega¬ 
tive bacteria. Superficial wounds may also be 
treated with synthetic, semisynthetic, or biologic 
dressings such as Biobrane (Winthrop Consumer 
Products) or pigskin (Figure 10-11). When these 
products adhere, they provide a comfortable wound 
cover that does not separate until the wound has 
reepithelialized. 

For deeper wounds, daily cleansing followed by 
application of silver sulfadiazine is the most com¬ 
monly used treatment in the United States. Silver 
sulfadiazine does not penetrate well but has a good 
spectrum of coverage. It is easy to apply buttered 
over the wound or on longitudinal strips of fine 
mesh gauze and is the least painful agent, but sensi¬ 
tivity and leukopenia are not uncommon. Mafenide 
acetate (Sulfamyalon [Dow Hickman Pharmaceuti¬ 
cals]), the first wide-spectrum burn cream used, has 



Fig. 10-11. Superficial burn healing under pigskin. Note 
the pigskin on posterior thigh. 


excellent wound penetration and a broad spectrum 
of coverage. However, it causes marked pain and 
has a side effect of causing metabolic acidosis, mak¬ 
ing it a less popular agent. Most wounds are acutely 
treated with topical agents and daily dressing 
changes; wounds that will require longer than 3 
weeks to heal are usually excised and grafted be¬ 
ginning 1 to 5 days postburn. Silver sulfadiazine is 
the most commonly used topical antimicrobial. 
Furacin (Roberts Pharmaceutical Corp.), 0.5% sil¬ 
ver nitrate solution, povidone-iodine, and Bacitra¬ 
cin are also available for topical use. 

Complications 

Inadequate fluid resuscitation in the presence 
of circulating nephrotoxins (such as myoglobin) 
may cause renal failure. Similarly, pulmonary 
edema associated with excessive fluid administra¬ 
tion occurs if the patient is not adequately moni¬ 
tored. Gastrointestinal disorders, including ileus, 
are avoided by nasogastric tube decompression of 
the stomach accompanied by enteral feeding 
through a tube placed beyond the ligament of Treitz. 
Curling's ulcer with erosion of the stomach and 
duodenal mucosa has been largely eliminated by 
the use of histamine-2 blockers, early enteral feed¬ 
ing, and antacids. Sepsis remains a common com¬ 
plication caused by bacterial colonization of the 
burn wound and the patient's immunosuppressed 
condition,^ with the lungs being the most common 
site of fatal sepsis.® These complications must 
be understood by rehabilitative personnel as the 
care plan will need to be modified as the complica¬ 
tions arise. 

Medical Surgical Considerations 

When the skin, the largest organ of the body, sus¬ 
tains significant injury, a cascade of metabolic and 
physiologic consequences occurs that can affect 
survival adversely. While providing both a fluid 
barrier and a thermoregulatory mechanism, the 
primary function of the skin is to maintain homeo¬ 
stasis. Intact, waterproof skin is the first line of de¬ 
fense against the hostile microbial world. The 
soldier's self-image is dependent on appearance, 
which has been determined by skin surface. Skin 
plays a vital part in bodily function. However, its 
importance is often underestimated, since it readily 
heals from minor superficial injuries with little pain 
or inconvenience. 
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Emergency Burn Care 

The initial rescue and treatment of the burn vic¬ 
tim, military or civilian, is seldom rendered by a 
physician but by a bystander, medic, paramedic, or 
other soldier. This treatment should follow fhe ba¬ 
sics of firsf aid: (1) sfop fhe burning process, (2) 
evaluafe and secure fhe airway, and (3) freaf ofher 
life fhreafening injuries. Chemical burns should be 
copiously irrigafed wifh wafer or saline. If fhe air¬ 
way is compromised (see Exhibif 10-1), fhe venfila- 
fion should be mainfained by mask and oxygen and 
infubafion if possible. When facial or neck edema 
is anficipafed from fluid adminisfrafion, infubafion 
is complefed prior fo fransfer fo an aid sfafion. The 
burn wound can be covered wifh a clean sheef or 
simple dressing fo minimize furfher confaminafion 
and fo help conserve body heaf. While stopping fhe 
burning process, weffing and cooling fhe burn can 
rapidly resulf in hypofhermia, a condifion fo be 
avoided. The basics of frauma emergency care ap¬ 
ply fo inifial burn freafmenf as well as fo any ofher 
injuries. 

Outpatient Clinic vs Specialized Inpatient 
Treatment 

Recent efforts at health care cost containment 
have resulted in the treatment of larger uncompli- 
cafed burns in fhe oufpafienf seffing. Alfhough mosf 
milifary burn casualfies are managed on an inpa- 
fienf basis, oufpafienf care is possible in a garrison 
seffing for cerfain soldiers wifh small burns. Excep- 
fions fo fhis frend remain in fhe exfremes of age, an 
unreliable pafienf, or lack of family or nursing re¬ 
sources. The success of oufpafienf freafmenf in¬ 
volves good wound care by an experienced burn 
nurse and, lafer, by fhe fully insfrucfed pafienf, fam¬ 
ily member, or buddy. Mosf failures of oufpafienf 
burn care do nof involve wound problems, buf 
rafher are relafed fo inadequate pain confrol and 
anxiefy. Wound elevafion, occlusive dressings, and 
liberal use of appropriafe narcofics are fhe besf 
means of confrolling pain. The adequacy of pain 
confrol is a decision made by fhe pafienf, nof fhe 
medical personnel. 

There are no sef criferia fo defermine which pa- 
fienfs can be managed as oufpafienfs because so 
many facfors influence fhe severify of a burn. 
A young, ofherwise healfhy, individual wifh a 
30% parfial fhickness burn and a good supporf sys¬ 
tem could nof be freafed af fhe baffle fronf. How¬ 
ever, he mighf do well as a hospifal oufpafienf, 
whereas pafienfs who are elderly, chronically ill, or 


EXHIBIT 10-1 

SIGNS OE AIRWAY AND PULMONARY 
COMPROMISE 

• Facial burns with perinasal, perioricular 

involvement 

• Singed nasal hairs, swollen lips, and tongue 

• Carbon particles in mouth and sputum 

• Hoarse, raspy voice 

• Heavy productive cough with carbonaceous 

sputum 

• Dyspnea, air hunger, or gasping 

• Narrowing of airway on lateral cervical 

radiograph 

• Signs of acute pulmonary edema and adult 

respiratory distress syndrome on chest 
radiograph 

• Information that burn occurred in a closed 

space 


alcohol or drug abusers with a 5% TBSA burn may 
be at risk for dying unless freafed in fhe hospifal. 
Cases of suspecfed abuse by burning, regardless of 
age, require admission. 

Frequenfly used guidelines for inpafienf burn 
freafmenf include: 

• Greafer fhan 10% full fhickness burn. 

• Greafer fhan 20% parfial fhickness burn. 

• Burns involving vifal areas, eg, hands, feef, 
face, or perineum. 

• Mosf infanfs and elderly—fhe exfremes of 
age. 

• Children wifh more fhan a 5% burn who are 
neglecfed or abused or lack adequate pain 
confrol. 

• Inhalafion injury. 

• Mosf high volfage elecfrical injuries. 

• Mosf chemical injuries, wifh special empha¬ 
sis on alkali, dichromafe, and fluoride burns. 

The American Burn Associafion has idenfified fhe 
following® injuries as fhose requiring a referral fo a 
burn confer (Table 10-1). Pafienfs wifh fhese burns 
should be freafed in a specialized burn facilify af- 
fer inifial assessmenf and freafmenf af an emergency 
deparfmenf: 
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TABLE 10-1 

ADMISSION CRITERIA 

Bum Size Admission 

Age (y) (% TBSA) Yes No 


ter. Physician judgment will be necessary 
in such situations, and should be in concert 
with the regional medical control plan and 
triage protocols. 

Early Life-Support Evaluation and Management 


< 10 or > 50 < 10 

10-50 < 20 

< 10 or > 50 > 10 

10-50 > 20 


X 

X 


Additional Factors Mandating Admission 


X 

X 


• Burns of the face, hands, feet, perineum, or genitalia 

• Inhalation injury 

• Associated major trauma 

• Major concurrent medical illness 

• Electrical or chemical injury 


TBSA: Total body surface area 


• Second and third degree burns greater than 
10% TBSA in patients under 10 or over 50 
years of age. 

• Second and third degree burns greater than 
20% TBSA in other age groups. 

• Second and third degree burns with seri¬ 
ous threat of functional or cosmetic impair¬ 
ment that involve face, hands, feet, genita¬ 
lia, perineum, and major joints. 

• Third degree burns greater than 5% TBSA 
in any age group. 

• Electrical burns, including lightning injury 
(greater magnitude of complications). 

• Chemical burns with serious threat of func¬ 
tional or cosmetic impairment. 

• Inhalation injury with burn injury. 

• Circumferential burns of the extremities 
and chest. 

• Burn injury in patients with preexisting medi¬ 
cal disorders, which could complicate manage¬ 
ment, prolong recovery, or affect mortality. 

• Hospitals without qualified personnel or 
equipment for the care of children should 
transfer burned children to a burn center 
with these capabilities. 

• Any burn patient with concomitant trauma 
(eg, fractures) in which the burn injury 
poses the greatest risk of morbidity or mor¬ 
tality. However, if the trauma poses the 
greater immediate risk, the patient may be 
treated in a trauma center initially until 
stable, and then transferred to a burn cen¬ 


Burns, like any other major trauma, require that 
attention be directed toward the injury that is most 
life threatening. The burn injury associated with 
other major trauma may complicate diagnostic 
evaluation and significantly impact survival. A thor¬ 
ough, rapid assessment of the casualty helps direct 
care during the initial critical phase. This would 
include a history; a physical examination; and vi¬ 
sual examination of all areas, undressed; appropri¬ 
ate radiography; and laboratory data. 

A burn patient in acute distress on initial pre¬ 
sentation is usually experiencing airway compro¬ 
mise, pulmonary insufficiency, or both (see Exhibit 
10-1). Injury to the airway and lungs is more the 
result of inhaled toxic products of combustion rather 
than heat. However, someone injured in the presence 
of superheated steam in an enclosed space, such as a 
boiler room on a ship, may have burns of the airway. 
Inflammation and edema can rapidly obstruct the 
upper airway, especially in children. Early intuba¬ 
tion may often be the prudent choice of manage¬ 
ment to avoid traumatic intubation through an 
edematous airway and associated complications. 

Pulmonary edema may be the direct result of in¬ 
halation injury, independent of too vigorous a fluid 
resuscitation course. Inhalation injury can manifest 
itself early through impaired gas exchange with 
falling PO 2 and oxygen saturations, followed later 
by rising PCO 2 These changes can precede changes 
on chest radiography, sometimes by 12 to 24 hours 
(Figure 10-12). Inability to adequately exchange 
gases is an indication for intubation and controlled 
ventilation. Nasal intubation is generally preferred 
over tracheostomy for early respiratory distress. 

Vascular access can be established peripherally 
for immediate use or centrally for more long term 
use. Not without its own risks, central line lumen 
access can more reliably deliver high volumes of 
fluid and medications, as well as provide a means 
of hemodynamic monitoring (central venous pres¬ 
sure) and withdrawing blood. Although an un¬ 
burned site is preferable, a properly maintained line 
through burn tissue should still have an acceptably 
low infection rate. A Swan-Ganz line can provide 
supplemental data to guide the complicated resus¬ 
citation, such as in an elderly individual with coro¬ 
nary artery disease or congestive heart failure. In- 
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Fig. 10-12. Early chest radiograph showing changes as¬ 
sociated with smoke inhalation. 


vasive (Swan-Ganz) monitoring may be necessary 
to optimize resuscitation of the seriously burned 
patients because there is no correlation between 
fluid challenges and changes in vifal signs and urine 
oufpuf Invasive moniforing carries an increased risk 
of sepsis, especially in burn causalities, and fherefore, 
if musf be used wifh caufion and for a limifed fime.^^ 
The pafienf wifh cardiovascular insfabilify or inhala¬ 
tion injury offen benefifs from an arferial line where 
fhe dafa provided and fhe blood wifhdrawing ca¬ 
pabilities eliminafe repealed arferial puncfures. 

An indwelling urinary cafhefer is needed for any 
major burn resuscifafion as urinary oufpuf, a good 
indicafor of (renal) tissue perfusion, is generally ac- 
cepfed as a reflection of adequacy of resuscifafion. 
Adequafe pediafric urinary oufpuf is befween 0.5 and 
1.0 cm^/kg/h. Adulf urinary oufpuf should be be¬ 
fween 30 and 50 cm^/h if fhere is no ongoing hemoly¬ 
sis. If fhere is hemoglobin and myoglobin in fhe urine, 
as indicafed by a cherry red fo oufrighf black color, 
urinary oufpuf should be pushed fo fhe range of 250 
cm^/h or greafer. This is accomplished by using flu¬ 
ids and Mannitol (Asfra/Merck Group of Merck & 
Co., Inc.) as a means of mechanically washing fhese 
producfs from fhe renal fubules where fhe sludge 
fends fo accumulate wifh damaging resulfs. Rapid and 
adequafe resuscifafion can minimize or eliminafe 
acufe fubular necrosis, which remains associafed 
wifh virfually 100%^^ morfalify in burn pafienfs. 

Adminisfrafion of Mannitol during resuscifafion 
may arfificially increase urine oufpuf fhrough ifs 
diurefic effecf, leading fo hypovolemia and dehy- 
drafion. The hemafocrif and hemoglobin need fo be 


carefully followed. Mannifol can provide predicf- 
able, smoofh diuresis, which helps counferacf fhe 
nafural reflex fendency of fhe kidneys fo slow uri¬ 
nary oufpuf due fo vasoconsfricfion and fhe actions 
of anfidiurefic hormone, cafecholamines, and aldos¬ 
terone. Mannifol is also a powerful anfioxidanf fhaf 
may have significanf benefif in mifigafing fhe ef- 
fecfs of free oxygen radical production in fhe burn 
wound. 

Fluid Resuscitation for Burn Shock 

A burn injury sefs off a cascade of local evenfs 
and humoral responses fhaf confinue for 48 hours 
posfinjury, resulfing in edema formafion and fluid 
tosses fhrough fhe wound. As fhe burn wound ex¬ 
ceeds 15% fo 20% TBSA, fhe fluid losses can exceed 
fhe body's compensating mechanisms wifh circu- 
lafory collapse. If disfance and fime of fransporf are 
lengfhy, fhe casualfy may suffer burn shock by fhe 
fime of arrival in fhe freafmenf facilify. Self-aid or 
buddy aid will be ineffective. The casualfy should 
receive emergency medical freafmenf by fhe frained 
technician in fhe evacuafion ambulance. 

A fluid resuscifafion program is designed fo over¬ 
come fhe anficipafed 24- fo 48-hour period of mas¬ 
sive fluid shiffs, elecfrolyfe derangemenfs, acid base 
imbalance, edema formafion, and fluid and profein 
tosses. More defailed information is found in Ex- 
hibif 10-2 and Table 10-2. Replenishing fhe circula¬ 
tory volume, using any one of fhe formulas cur- 
renfly in use, is fhe means fo resforing and main- 
faining organ perfusion and function. The fluid toss 
fhaf deplefes fhe circulafory volume is fhe resulf of 
increased capillary micropermeabilify affecting 
burned and nonburned fissues.^^ Edema fluid forms 
af fhe expense of fhe vascular and exfracellular com- 
parfmenfs. Elecfrolyfe concenfrafions can vary con- 


EXHIBIT 10-2 


AVERAGE ELUID RESUSCITATION 
REQUIREMENTS (CM^ CRYSTALLOID/ 

KG/% TBSAB) 


Burn 

Average adult 2 

Average child 3 

Burn and 


Inhalation Injury 

Average adult 4 

Average child 5 

TBSAB: total body surface area burned 
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TABLE 10-2 

TYPICAL FLUID RESUSCITATION PROGRAMS 


Formula 

Fluid Composition 

Calculated Volume 

0-8 Hours 

9-24 Hours 

24-48 Hours 

Carvajal 

Children 

Nal32 mEq/L 

Cl 109 

Lactate 26.1 

K 3.8 

Glucose 47.5 g/L 
Albumin 12.5 g/L 

5,000 mL / m2 TBSAB/d' 

+ 

2,000 mL / m2 TBSA/d^ 
(maintenance fluid) 

1/2 vol 

1/2 vol 

3/4 of day 1 vol 

Infants 

Na81 mEq/L 

Cl 61 

HCO 3 20 

K 0 

Glucose 46.5 g/L 
Albumin 12.5 g/L 


1/2 vol 

1/2 vol 


Brooke 

Ringers lactate 

Na 130 

Cl 130 

Lactate 28 

K 4 

Ca 3 

1.5 mL crystalloid/ 
kg/% TBSAB 

0.5 mL colloid/kg/ 

% TBSAB 
+ 

2,000 cc D 5 W 

1/2 vol 
crystalloid 
and colloid 

1/2 vol 

1/2 of day 1 vol 

Parkland 

Ringers lactate 

DgW + 0.5-2 L 

4cc/kg/% TBSAB 
(to maintain urine 
output at 50 cc/h) 
plasma 

1/2 vol 

1/2 vol 


Hypertonic 

Saline 

Na 200-300 mEq/L 

Cl -100 mEq/L 
HCO 3 -I 5 O mEq/L 

2 cc/kg/% TBSAB 
(to keep urine output 
at 30 mL/h [adult] 
or 1 cc/kg [child]) 





Note: For accompanying inhalation injury, add 1-2 cc/kg to resuscitating volume 
TBSAB: total body surface area burned 

Source: (1) Carvajal HF. Fluid resuscitation of pediatric burn victim: A critical appraisal. Pediatr Nephrol. 1994;8:358. 


siderably, due in part to large potassium intracel¬ 
lular losses, urinary excretion, and large sodium 
intracellular and extracellular gains.The currently 
used burn resuscitation formulas are quite similar 
in both fluid volume adminisfered and milliequiva- 
lenf of sodium given when bofh are calculafed af 
48 hours posfburn.^® The key componenf in each 
formula is fhe sodium ion; fhe fluid (free wafer) is 
simply fhe vehicle fo deliver fhe sodium. Depend¬ 
ing on fhe choice of formula, fhe fluid volumes 
range from 2 fo 5 cm^/kg/ % TBSA. Some formulas 
use no colloid, ofhers vary in fhe amounf and fim- 
ing of colloid adminisfrafion. The role of crysfal- 
loid vs colloid resuscifafion remains an ongoing 
debafe fueled by ample dafa and opinion on each 
side. If is imporfanf fo nofe fhaf each formula is 


merely a guideline for resuscifafing fhe casualfy 
vicfim. Predicfably, fhe individual response fo a pre¬ 
scribed formula may be quife unpredicfable and 
variable, and require correcfive adjusfmenf in ei- 
fher direcfion. None of fhese formulas reflecf evolv¬ 
ing frends fhaf add a sophisficafed medical resus¬ 
cifafion componenf fo fhe already exisfing fluid 
profocol. The following is a parfial lisfing of com- 
ponenfs being used or invesfigafed for improved 
resuscifafion, or decreased burn wound edema 
supplemenf resuscifafion, or decreased burn wound 
edema and fhe inflammafory response in fhe early 
phase: low molecular weigh! dexfran, fresh frozen 
plasma, penfasfoid, Mannifol, ibuprofen, cimefi- 
dine, and vifamins C and 

Confrary fo fhe opinion of some clinicians,^®'^® 
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excess edema postresuscitation can have severe, 
long ranging consequences. Organ systems such as 
brain, lungs, and heart do not function well under 
the stress of severe edema. Circulafion fo an edema¬ 
tous exfremify can be compromised wifh possible 
dire consequences. Early escharofomy is indicated 
when massive edema is anficipafed. Early mobilify 
and rehabilifafion may be unsafe, if nof nearly im¬ 
possible, when edema impairs joinf mofion. Loss 
of dexferify in edematous hands and digifs can fur- 
fher compound fhe person's feeling of helplessness 
following injury, leading fo a vicious circle of de¬ 
creased use, joinf sfiffness, confracfure, fendon 
shortening, and long ferm disabilify. Therefore, if 
is imperafive fo adequately resuscifafe buf fo do so 
wifh minimal edema formafion. 

The Nonhealing Burn Wound 

The surgical goal is fo expedite wound closure. 
Esfimafion of burn wound depfh is an imporfanf 
clinical judgmenf because if defermines proper 
freafmenf. Superficial and full fhickness char burns 
can be easily defermined. The infermediafe or par- 
fial fhickness burn is difficulf fo assess. A parfial 
fhickness burn wound may vary in depfh wifhin a 
small area, fhus, healing may be pafchy or delayed. 
A burn wound failing fo heal in 18 fo 21 days typi¬ 
cally requires skin grafting because the final func- 
fional and cosmefic resulf of a skin graff is superior 
fo fhe poor qualify skin covering of a delayed heal¬ 
ing wound. This is especially frue in fhe pediafric 
age group. 

Dressings impregnafed wifh hormones or ofher 
factors will soon be available fo sfimulafe improv¬ 
ed healing of superficial and infermediafe 
burn wounds. Early excision and graffing of fhe 
full fhickness wound will remain fhe sfandard 
of burn care in mosf cases. Alfhough sfill unproved 
in confrolled sfudies, early excision is cerfainly 
based on sound principles of general surgical 
wound managemenf and has clinically proven ef- 
fecfive™'® in diminishing morbidify in fhe burn ca- 
sualfy. 

Burn Wound Excision 

The esfimafed depfh of fhe burn wound often 
defermines fhe choice of excision technique: fangen- 
fial, sequenfial fangenfial, or fascial excision. Su¬ 
perficial wounds are besf excised wifh sequenfial 
passes of fhe dermatome unfil viable fissue is ex¬ 
posed. Charring burns deep info subcufaneous faf 
are excised in segmenfs fo fhe fascia. 


Tangential Excision 

Dermal burns are debrided with multiple passes 
of fhe debridemenf insfrumenf unfil viable fissue 
is reached; fhis is known as sequenfial fangenfial 
excision. This mefhod of debridemenf allows maxi- 



Fig. 10-13. Instruments for graft harvest or debridement, 
(a) Example of manual dermatome for skin debridement 
or graft harvest, (b) Example of power dermatome, (c) 
Skin debridement in progress using power instrument, 
(d) Skin debridement in progress using manual instru¬ 
ment. 
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Fig. 10-14. Brisk punctate bleeding from viable dermis 
follows tangential debridement. 

mum preservation of viable dermis, which ulti¬ 
mately leads to better long term results in the qual¬ 
ity of the healed grafted skin. 

There are any number of instruments available 
for wound debridement, some manual, others elec¬ 
trical or air driven (Figure 10-13). The technique of 
debridement involves setting the dermatome some¬ 
where in the range of 0.008 to 0.012 in. for excising 
partial thickness burns or cutting up to 0.030 in. for 
full thickness burns. Areas requiring intricate or 
delicate work, such as digit web spaces, are best 
approached using small instrumentation with shal¬ 
low settings in multiple passes. 

Areas that have been adequately debrided show 
brisk punctate bleeding in healthy white dermis 
(Figure 10-14). Poor bleeding in grayish appearing 
dermis indicates inadequate debridement, which 
requires repeat passes with the instrument. As de¬ 
bridement progresses deeper into and through the 
dermis, more fat appears and capillary bleeding 
gives way to brisker flow from arterioles and veins. 

Hemostasis in the debrided wound is obtained 
using pinpoint electrocautery on larger vessels and 
dilute epinephrine soaked lap pads on the diffuse 
capillary bleeding bed. Local pressure and tempo¬ 
rary elastic wraps can assist bleeding control. Topi¬ 
cal epinephrine solutions in concentrations rang¬ 
ing from 1:10,000 to 1:100,000 can be safely used 
with few systemic effects in acutely burned patients. 
Topical thrombin and collagen have also been used 
for this purpose. 

Blood loss from the debrided wound bed can be 
profuse and can exceed 5% of blood volume per 1% 
body area debrided. Blood loss of this magnitude 


requires frequent monitoring of hemoglobin/hema¬ 
tocrit, platelets and coagulation factors, casualty 
temperature, blood pressure, and urine output. In 
a well prepared and monitored casualty it is pos¬ 
sible for multiple surgical burn teams to rapidly 
excise and cover a 50% body surface area (BSA) 
burn in a single 2-hour session. Less experienced 
teams should limit excisions to under 30% surface 
area, or 2 hours time. 

Excision to Fascia 

Deep burns through dermis well into the subcu¬ 
taneous tissue are best excised with an electrocau¬ 
tery knife to the fascial plane. The excision at this 
level can proceed rapidly with less blood loss. On 
extremity burns blood loss can be minimized by the 
use of tourniquets. When using a tourniquet, the 
extremity is first exsanguinated (the limb is tightly 
circumferentially wrapped from distal to proximal 
to empty the capillary, arterial, and venous circula¬ 
tion) and excision proceeds in a rapid manner along 
the fascial planes removing all eschar with the un¬ 
derlying subcutaneous tissue. This can lead to ma¬ 
jor tissue losses, especially in obese casualties with 
subsequent significant cosmetic defects. To obtain 
optimal functional and cosmetic results, it is impor¬ 
tant to obtain nearly complete hemostasis to pre¬ 
vent graft loss. 

Graft adherence ("take" or attachment) on fascia 
is generally better than onto subcutaneous fat. This 
better graft take, however, comes at a price with 
inferior cosmetic appearance, increased edema in dis¬ 
tal extremities, and, at times, decreased sensation. 

Enzymatic Debridement 

Enzymatic debridement of the burn wound has 
multiple advantages, such as more complete and 
selective debridement of the burn eschar, while at 
the same time being nontoxic and nontraumatic to 
normal tissue. Debridement of a deep hand burn is 
an ideal use of this methodology. There is a risk of 
promoting sepsis with enzymatic agents, thus their 
application should be restricted to under 10% of the 
TBSA. Metal ions such as those found in soaps and 
antimicrobial agents tend to inactivate enzymes, 
and therefore, should not be used together. 

The enzymatic debridement procedure is as fol¬ 
lows. 

1. Mechanically debride affected areas of all 
loose tissue. 

2. Wash and rinse area thoroughly. 
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3. Apply a uniform coating of debridement 
enzymes such as Accuzyme. 

4. Cover area with occlusive dressing. Hands 
are easily dressed with oversized surgical 
gloves. 

5. Repeat application of enzyme every 4 to 6 
hours until punctate bleeding is observed 
(two or more applications are typical). 

6. Do not exceed enzyme application over 
10% of TBSA to avoid risk of burn wound 
sepsis. 

7. Chemical escharotomies of circumferen¬ 
tially burned limbs can be performed us¬ 
ing strips of the enzyme paste along the 
length of the burn. If the limb is acutely 
ischemic, then standard escharotomies 
should be performed for immediate de¬ 
compression. 

Donor Site Selection 



Fig. 10-15. Harvesting a split thickness skin graft using a 
Paget electric dermatome. 


Donor sites are selected on the basis of location, 
skin thickness, burn size, function, and cosmetics. 
The face, hands, and feet are rarely used for donor 
sites, whereas the scalp, thigh, abdomen, and but¬ 
tocks are frequent choices. If the burn is small, the 
site selected is usually determined by future cos¬ 
metic concerns. The scalp, usually covered by hair, 
and the buttocks, covered by clothing, are therefore, 
frequently chosen for donor sites. In the massively 
burned casualty the scalp is an ideal donor site since 
it heals rapidly and can be reharvested repeatedly 
at 7- to 10-day intervals with little risk of alopecia. 

The thickness of the skin influences the donor 
site; for example, the dorsum of the hand may be 
less than 0.010 in., the back greater than 0.030 in. 
The back, buttocks, and thighs are often chosen as 
donor sites because of their thickness and ease of 
harvesting. Surface contour and subcutaneous adi¬ 
pose deposits can greatly influence the ability to 
harvest quality grafts and thus have a negative in¬ 
fluence on site selection. In body areas such as the 
ribs or scalp, subcutaneous injection of warm sa¬ 
line improves the contour for skin harvest. 

Skin Grafts 

Split Thickness Skin Grafts 

A split thickness skin graft (STSG) is typically 
harvested in a range from 0.007 to 0.012 in. using ei¬ 
ther a manual or powered dermatome. The advan¬ 
tages of using power dermatomes (Figure 10-15) are 
in the speed, uniformity, and precision of skin har¬ 


vest. These delicate instruments have a low tolerance 
of abuse and a high frequency of expensive repair. 

Sheet Skin Grafts 

Areas of burn graft where an optimal functional 
or cosmetic result is desirous should be covered 
with sheet skin grafts. A sheet graft is harvested as 
noted above and is applied directly to the graft bed 
without first being meshed as described below. The 
sheet graft does not have perforations or incisions 
and is not expanded, thereby reducing scarring. 
Examples of areas best served by sheet grafting in¬ 
clude hands, face, and neck. Availability of adequate 
donor sites affects how much grafting can be ac¬ 
complished with sheet grafts. 

When blood or serum collect under sheet grafts, 
the grafts may lift off the bed, resulting in graft loss. 
Extra time needs to be devoted to obtaining ad¬ 
equate hemostasis, otherwise the grafts slough over 
fluid collections, which will result in a cosmetic 
appearance worse than a mesh graft. Any large fluid 
collection can threaten the entire graft take and 
needs to be locally drained. 

Meshed Skin Grafts 

The instrumentation to accurately and reproduc- 
ibly mesh skin, developed by Dr. Tanner, helped to 
revolutionize burn care by providing a method of 
skin coverage for the massively burned casualty. 
Skin expansion allows for greater graft coverage 
from limited donor sites. The surgeon has a choice of 
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Fig. 10-16. The Zimmer mesher, which uses fixed ratio 
carriers from 1.5:1 to 9:1. 


multiple expansion ratios ranging from 1.5:1 to 9:1. 
As the expansion ratio increases, the quality and cos- 
mesis of fhe skin decreases as fhe healing fime for fhe 
graff infersfices increases. As a general rule, mosf cov¬ 
erage is accomplished wifh mesh ratio of 3:1 or less. 

There are fwo basic fypes of mesh insfrumenfa- 
fion. One insfrumenf, fhe Zimmer mesher (Figure 
10-16), uses carriers for fhe skin fhaf are chosen ac¬ 
cording fo fhe desired rafio. The ofher insfrumenf, 
fhe Bioplasfy mesher, (Figure 10-17) has a presef ra¬ 
fio requiring no skin carriers. Insfead, fhe skin is fed 
direcfly info fhe rollers. The advanfage of fhe 
Bioplasfy mesher is fhaf harvesfed skin of any shape 
and lengfh can be fed info if and meshed wifhouf 
seams, which are normally presenf when carriers are 



Fig. 10-17. The Bioplasty mesher has a fixed mesh ratio 
built into the instrument, which cannot be changed. No 
carriers are required. Bioplasty meshes can be obtained 
with preset ratios from 1:1 up to 8:1. 



Fig. 10-18. Skin grafts are rapidly secured using surgi¬ 
cal staples, saving considerable time over the traditional 
hand sewn method. 


joined to make longer lengths. Fewer seams result in 
fewer hyperfrophic scars, which decreases rehabili- 
fafion fime. Fasfer meshing of skin and lower cosf 
make fhis dermafome more practical fo use. 

Skin graff adherence is a fwo-parf adhesion re¬ 
sponse beginning wifh early fibrin bonding when 
fhe graff is sef on fhe bed. This is followed by fibro- 
capillary ingrowfh in fhe ensuing 72 hours. Al- 
fhough fenuous and easily sheared af fhis fime, fhe 
viabilify of a graff is assured by fhis capillary inos¬ 
culation. More graffs are losf af fhis phase fhrough 
mofion and shearing fhan infection. 

Proper managemenf during fhe immediafe posf- 
operafive period can significanfly affecf fhe final 
oufcome. Graff movemenf is fhe firsf cause of graff 
failure; infection is fhe second. Securing fhe graff 
fo fhe bed is imporfanf because graff mofion or shiff 
is fhe greafesf cause of graff failure. Before fhe ad- 
venf of sfaples, all graffs were sewn in place, re¬ 
quiring hundreds of individually placed sfifches. 
Now large graffs can be secured in a fracfion of fhe 
fime wifh surgical sfaples (Figure 10-18). In pediaf- 
ric pafienfs, sfaple removal is fraumafic and if may 
be wise fo secure graffs wifh absorbable sufure or 
Sferi-sfrips (Johnson & Johnson Medical Inc.). Ab¬ 
sorbable sfaples and fibrin glue show fufure promise. 
Splinfs incorporafed info fhe final dressing help 
mainfain desired posifion and help prevenf graff 
loss due fo mofion, especially over joinfs. Proper 
splinting feclmiques are reviewed elsewhere in fhis 
fexf. 

To minimize infecfion, fhe new graff requires 
proper wound managemenf. Depending on a par- 
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Fig. 10-19. A nonadherent dressing may be cut to size to 
cover a fresh skin graft. 


ticular burn center's protocol, skin grafts are treated 
in an open or closed method. Centers using the 
closed method apply a nonadherent contact layer 
to the graft. Tegapore, N-ter-face, and Adaptic 
(Johnson & Johnson Medical Inc.) are some of fhe 
dressings available for fhis purpose (Figure 10-19). 
Small burns are dressed wifh anfibiofic soaked 
gauze, dry gauze, and elasfic compression. Small 
irrigafion fubes may be used in fhe dressing fo 
mainfain a moisf anfimicrobial environmenf. Eifher 
a 2% cerium nifrafe solufion or an anfibiofic solu- 
fion confaining Kanamycin, Bacifracin, and Poly¬ 
myxin (Burroughs Wellcome Co.) are used. Irriga¬ 
fion is confinued unfil fhe firsf dressing change af 3 
fo 4 days for meshed graffs and 24 hours for sheef 
graffs. The dressings are kepf moisf buf nof wef. 

Af fhe firsf dressing change, fhe now adherenf 
dressing can be leff in place provided fhere are no 
signs of suppurafion. This layer is easily removed 
several days lafer, as fhe graff infersfices fill in, by 
eifher soaking fhe dressing jusf prior fo removal, 
or applying silver sulfadiazine cream during fhe 
previous day's dressing. Graffs showing signs of 
infecfion can offen be salvaged by removing all 
dressings, genfly irrigafing and debriding wifh 
once- or fwice-a-day dressing changes. 

Free Flap 

Burns fhaf creafe large fourfh degree wounds (in¬ 
jury fo muscle and bone) can be covered by flaps. 
Tradifionally, fhese have been flaps rofafed on a 
pedicle base info fhe area of defecf. Occasionally 




Fig. 10-20. Care of electrical injury, (a) Electrical burn of 
scalp from high voltage contact. Note exposed skull, (b) 
Closure with latissimus dorsi free flap and skin graft six 
months later. 


there is no way to rotate a flap into a wound which 
is also unsuitable for grafting. The more recently 
developed method of free flap transfer to a tissue 
defect has had excellent results. The free flap has 
greatly facilitated coverage of the difficult "blow 
out," electrical-type wounds of the scalp, joint 
spaces, palms of hands, and soles of feet (Figures 
10-20 and 10-21). 

Cultured Autologous Kertinocite (Epidermal) 
Grafts 

Human epithelial cells can now be grown in cul¬ 
tures with techniques developed by Rheinwald and 
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Fig. 10-21. Casualty who sustained an 8,000-V contact 
burn to the scalp (see Fig. 10-20) with large soft tissue 
and bone necrosis, (a) A deep necrosing wound to the 
foot with loss of foot tissue and bone, (b) Free flap cov¬ 
erage to the sole of the foot provided a substantial graft, 
which tolerates ambulation and avoided leg amputation. 


Green,^^ and modified by Pittelkow and Scott.The 
technique is a multistep process starting with the 
harvesting of a small, several-centimeter square 
piece of thin skin from an unburned site. The epi¬ 
thelial cells are enzymatically cleaved and sepa¬ 
rated, then placed in a serum-free culture medium 
where, under ideal conditions, rapid growth is 
achieved. Keratinocyte sheets, approximately 7 to 
10 cell layers thick, are fragile and thin, with the 
consistency of wet tissue paper. 

Careful preparation of the wound bed is of ut¬ 


most importance prior to grafting with cultured 
grafts. These grafts will not reliably take on any¬ 
thing but a freshly excised bed. Graft adherence 
initially is through fibrin adhesion. A backing such 
as Vaseline gauze, stapled to the wound or meshed 
cadaver grafts stretched tight over the cultured 
grafts can be used to assist adherence. 

Another approach to providing a better quality 
skin is the development of an artificial dermis. The 
product invented by Burke and Yannas is composed 
of bovine collagen fibers bonded to chondroitin-6- 
sulfate, a component of shark cartilage.^® Ideally, 
thin epidermal grafts heal to this artificial dermis, 
resulting in a closed wound. A multicenter con¬ 
trolled study of this dermis in general showed fa¬ 
vorable results, concluding that the healed artifi¬ 
cial dermis covered with thin epidermal graft is 
essentially equivalent to standard skin grafts but 
with faster healing donor sites. 

Casualties who are grafted with cultured epithe¬ 
lium do not develop hair, sweat or oil glands, or 
proper sensation. The epidermis permanently re¬ 
mains extremely fragile and requires extraordinary 
protection from exposure to sun, chemicals, and 
trauma. Rehabilitation is exceptionally complex. 
The epithelium tolerates exercise, splinting, and 
external vascular supports poorly. These casualties 
may return to have the cultured grafts replaced with 
autografts as the donor sites become healed enough 
for reharvesting. The ideal artificial skin replace¬ 
ment has yet to be developed. 

Biological Dressings 

The surgical goal in burn care is to debride non- 
viable tissue and provide permanent wound cov¬ 
erage. Biological dressings are designed to function 
in a similar manner as their more expensive natu¬ 
ral counterpart, cadaver skin. There are many bio¬ 
logical dressings available, each with its own prop¬ 
erties, but none is a true skin replacement. Biologi¬ 
cal dressings provide temporary coverage and give 
time for adequate donor sites to become available 
for repeated graft harvest. This coverage is important 
in the overall physiological well being of the burn 
casualty as it provides for better wound and pain 
management, helps decrease metabolic rate, reduces 
fluid losses through the wound, and suppresses the 
growth of granulation tissue. 

The ideal biologic dressing would function as 
natural skin and come prepackaged off the shelf, 
ready to apply and perform as a complete skin re¬ 
placement on a permanent basis. Synthetic dress¬ 
ings are laboratory designed to mimic their biologic 
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counterpart, skin. Since these act as biologic dress¬ 
ings, for the purpose of fhis discussion, fhey will 
be reviewed fogefher wifh fhe frue biologic dress¬ 
ings. A safisfacfory biologic dressing undergoes fhe 
same bonding process as skin graffs. Mosf impor- 
fanfly, when adherence is achieved, fhe wound 
gains resisfance fo infecfion. 

Homograff (also known as Allograff) Skin: Hu¬ 
man cadaver skin is commonly used and is fhe sfan- 
dard againsf which ofher biologic and synfhefic 
dressings are measured. Banked frozen human skin 
is becoming more widely available buf is inferior 
fo ifs fresh counferparf. In fhe massively burned 
casually, no currenfly available biologic dressing 
offers fhe disfincf advanfages of fresh homograff 
in providing large burn wound coverage. Improved 
salvage of fhese casualfies is based on early aggres¬ 
sive burn wound excision and coverage wifh ho¬ 
mograff followed by sequenfial replacemenf wifh 
autologous skin. 

Fresh homograff adherence is similar fo aufograff 
fake wifh adherence and capillary ingrowfh. A burn 
casually wifh greafer fhan 50% TBSA injury is, fo a 
varying degree, aufoimmunosuppressed. This sfafe 
of immunosuppression can resulf in slowing of fhe 
nafural rejecfion process, especially when fhe ho¬ 
mograff skin is ABO compafible. Aside from pro¬ 
viding excised wound coverage, homograffs can 
also be used as onlay graffs fo profecf fhin, widely 
expanded aufograffs, or culfured kerafinocyfes, 
providing profecf ion fo fhe underlying graffs. 

Homograff rejecfion occurs anywhere from 14 fo 
more fhan 60 days after fhe grafting, depending on 
fhe casualfy's immune sfafus. Replacemenf ho¬ 
mograffs fend fo rejecf af a faster rale fhan original 
graffs. The rejecfion process aftecfs fhe wound bed 
and may negatively influence furfher grafting. If is 
advisable fo completely excise fhe bed prior fo grafting. 

Availabilify, cosf, and fhe pofenfial risk of viral 
fransmission are fhe major drawbacks of fresh ho¬ 
mograff. Procuremenf, preparation, and sforage 
cosfs are relatively high. In spile of testing, fhere 
remains fhe possibilify of viral fransmission, includ¬ 
ing hepafifis, cytomegalovirus, and human immun¬ 
odeficiency virus (HIV). There is af leasf one known 
case of HIV fransmission involving aufograff from 
England in 1987.“ Amnion is used for femporary 
coverage in underdeveloped counfries, buf nof in 
fhe Unifed Sfafes, and carries fhe same infecfious 
risks. 

Because fhe graft fake is expecfed fo be prolonged, 
fhe graft area is immobilized posfoperafively in a simi¬ 
lar mefhod as aufograffs. Rehabilifafion of cadaver 
grafted limbs can commence in 5 fo 7 days. 


Heterograft and Synthetic Dressings 

Porcine skin heterograft is currently used in this 
country, ft is a nonviable graft with limited useful¬ 
ness in shorf ferm, femporary wound coverage, ft 
has no advanfage over homograff and has numer¬ 
ous disadvanfages. If used, range-of-mofion exer¬ 
cises need nof be curfailed. 

Numerous synfhefic dressings are currenfly 
available fo fhe burn clinician, wifh many more fo 
come in fhe fufure (Figure 10-22). Forfunafely, fhere 
is fhis large choice of producfs because fhere is no 
one ideal dressing. Also, whaf works well af a burn 
cenfer may nof work well in a combaf zone. Some 
dressings have been designed for a specific purpose 
while ofhers are adapfed fo a wide variefy of clini¬ 
cal applications. The choice of a particular dress¬ 
ing is usually based on a mixfure of fradifion, arf, 
and science. 

The synfhefic dressings range from fhe simple 
fransparenf polyurefhane or polyurefhane mem¬ 
branes (Tegaderm, Opsife [Johnson & Johnson]) fo 
a more complicated bilaminafe membrane, Biobrane 
(Winfhrop Consumer Producfs). This dressing is 
composed of collagen peptides bound fo a silicone 
nylon mesh. To function properly fhis dressing musf 
be bound fo fhe tissue by ingrowfh info fhe collagen 
nefwork. Biobrane has been shown fo perform ef- 
fecfively on parfial fhickness burns or excised 
wound beds.^'^ ft is confraindicafed for use over full 
fhickness burns. Because if binds fo fhe fissues, 
range-of-mofion exercises are femporarily re- 
sfricfed. 

Film dressings such as Tegaderm or Opsife work 
well fo relieve pain and profecf skin donor sites. 



Fig. 10-22. Some of the numerous synthetic dressings 
available for use in graft and wound care. 
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These dressings also decrease pain, protect, and 
decrease fluid loss in small, isolated minor burns 
treated in the outpatient clinic. There is no restric¬ 
tion in range-of-motion exercises. Partial thickness 
burns are covered with nonadherent dressings such 
as Adaptic, Frastec, N-ter-face, or Tegapore (Win- 
throp Consumer Products), which separate easily, 
when adherence is not desired. Antimicrobial oint¬ 
ment helps secure the dressing while an absorbent 
layer of gauze is applied, and can generally be used 
for small burns. 

Various firsf generafion hydrocolloid dressings 
such as Duoderm (ER Squibb & Sons) are now avail¬ 
able and have been used on parfial fhickness burns 
and on donor sifes. This dressing performs poorly 
on full fhickness burns.Pain under a hydrocol¬ 
loid dressing is unpredicfable. Casualfies complain 
abouf fhe drainage as fhis dressing becomes safu- 
rafed wifh exudafe from fhe wound. The calcium 
alginafe dressing Sorbisan (Dow Hickman Pharma- 
ceuficals Inc.) has a similar drawback. Exercise pro¬ 
grams confinue wifh fhese dressings, buf for a foof 
wound, exudafe accumulafes in fhe shoe and be¬ 
comes messy. 


Donor Sites 

As burn size increases, the donor site takes on 
added importance. The donor site should be con¬ 
sidered the equivalent to a partial thickness burn, 
which must heal like its burn counterpart. Rapid 
healing of fhe donor sife is imperafive because of 
fhe numerous repeaf harvesfings necessary fo close 
a massive burn. The scalp is probably fhe ideal donor 
sife since if heals so rapidly and has few associafed 
complicafions. A scalp donor sife covered wifh a clear 
polyurefhane dressing can be expecfed fo heal in 5 fo 
7 days for a graff harvesfed af 0.008 fo 0.010 in. (Fig¬ 
ure 10-23). As a general rule, fhe farfher fhe donor 
sife is from fhe hearf, fhe longer if will fake fo heal. 

Dressing fhe donor sife is done fo help in decreas¬ 
ing pain and promofing rapid healing. There is little 
pain under fhe clear film dressings (Tegaderm [3M 
Healfh Care], Opsife [Johnson & Johnson], Omniderm 
[Jobsf]) when compared fo fine mesh gauze, scarlef 
red, or open freafmenf. The glue of fhe clear film 
dressings does nof adhere fo fhe acfual donor sife, 
fhus a several-cenfimefer rim of normal skin sur¬ 
rounding fhe donor sife is required for dressing 



Fig. 10-23. Use and healing of scalp donor, (a) Harvesting scalp in a child at 0.008 inch, (b) Covering donor site with 
polyurethane dressing (Tegaderm). (c) Appearance of scalp covered with dressing in early postoperative phase, (d) 
Same scalp donor site approximately one month postharvest showing hair regrowth. 
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adherence. For donor sites exceeding the size of the 
largest dressing, multiple dressings can be patched 
one to another to obtain complete coverage. 

The donor site becomes more of a problem as if 
is harvesfed adjacenf fo or befween burn areas, a 
frequenf occurrence in fhe massive burn casualfy. 

If fhis donor sife is covered wifh a clear film dress¬ 
ing if will rapidly become infecfed. If is preferable 
fo freaf fhin donor sifes in a more open manner wifh 
a nonadherenf dressing such as Adapfic (Johnson 
& Johnson) and a topical anfimicrobial similar fo 
fhe way fhe adjacenf burns are freafed. 

The clear film dressings are gas and wafer vapor 
permeable, buf nof so fo fhe serum or blood fhaf 
offen collecfs from fhe donor sife. The pressure of 
fhe fluid buildup can disrupf fhe dressing infegrify 
along fhe dependenf edge wifh pofenfial for bacfe- 
rial confaminafion. Aspirafion of fluid and pafch- 
ing of fhe dressing can minimize fhis problem. 

Donor sifes can be a serious problem for children 
and fhe elderly. If is difficulf fo mainfain a dressing 
on children. Af fhese ages fhe skin is much fhinner, 
and, fherefore, fhe harvesfed graffs are relafively 
fhicker in ferms of amounf of dermis removed. The 
donor sife becomes a wound as deep as fhe origi¬ 
nal burn and is offen very slow fo heal. Children 
are prone fo hyperfrophy of fheir donor sifes wifh 
fhe end resulf a cosmefic appearance somefimes 
worse fhan fhe graffed sifes. 

To avoid problems wifh fhe nonhealing donor 
sife in fhe elderly, fhe surgeon can harvesf exfra skin, 
expand if 3:1, and regraff fhe donor sifes. Excellenf 
resulfs have been obfained using fhis technique. 

MANAGEMENT OE 

For purposes of discussion only, burn care can 
be divided info fhree phases: (1) acute, (2) immobi- 
lizafion, and (3) wound mafurafion phases. The 
acufe, pregraffing or early phase of freafmenf be¬ 
gins when fhe casualfy's burn occurs and is fol¬ 
lowed by af-fhe-scene care from fhe bafflefield 
medic, emergency freafmenf during fransporfafion 
fo a baffalion aid sfafion, evacuafion from a mobile 
army surgical hospifal, and finally, hospifal admis¬ 
sion for wound care followed by recondifioning and 
rehabilifafion for refurn fo dufy.^^ In large burns fhe 
acufe phase consisfs of fhe inifial 72 hours of resus- 
cifafion and shock followed by up fo 3 weeks of 
wound and pafienf managemenf fo achieve primary 
healing if fhe wound is superficial. A longer fime 
period is anficipafed for graffing when fhe wound 
is deeper or greater fhan 20% TBSA. This phase con- 
finues fhrough fhe healing of parfial fhickness fis- 


Healed donor sifes can have problems wifh blis- 
fering, usually self-limifed, and pigmenfafion 
changes. To minimize splofchy pigmenfafion, sun 
exposure should be avoided for a year or more. Ex¬ 
ternal vascular supporf garmenfs should be used on 
hyperfrophic donor sifes as well as on healed burn 
graffs. 

Goals of Rehabilitation Management 

The optimal rehabilitation goals after a burn in¬ 
jury include: (a) healed burn wounds, grafts, and 
donor areas. (Ideal results include wounds that are 
durable, soft, supple, flat, properly colored, pain 
and edema free, and able fo folerafe acfive dufy and 
work.) (b) maximal possible sfafus for sfrengfh, en¬ 
durance, AROM, fine mofor dexferify and coordi- 
nafion; and (c) independenf self-care for refurn fo 
acfive dufy. Opfimal recovery is nof always pos¬ 
sible. In fhese circumsfances fhe goals are fhaf fhe 
casualfy is: (a) managing epifhelial sensory, vascu¬ 
lar, and pigmenf changes fhrough in depfh knowl¬ 
edge of profecfive safefy infervenfions; (b) manag¬ 
ing edema; (c) confinuing prolonged sfrefching of 
confracfures fo mainfain accepfable mofion and 
appearance; (d) confinuing aerobic exercise, af- 
fempfing improved cardiopulmonary sfafus and 
endurance; (e) using appropriate profecfion from ex¬ 
posure fo exfremes of heaf or cold or frauma; (/) 
learning desensifizafion and managemenf of ifch- 
ing or hypersensifivify; and (g) coping wifh posf- 
fraumafic sfress sympfoms and permanenfly 
changed body appearance. 

BURN CASUALTIES 

sue injury on fhrough debridemenf or preparafion 
for graffing in full fhickness fissue desfrucfion. For 
chemical injuries, fhe rehabilifafion freafmenf affer 
fhe inifial flushing is fhe same as for fhermal heaf 
injuries. There are no limifs fo AROM. Ambulafion 
is encouraged as soon as fhe casualfy is medically 
sfable. Frosfbife care, however, in fhe acufe phase 
is slighfly differenf because fhe cell is temporarily 
crysfallized and caufion is used fo prevenf any pres¬ 
sure on fhe damaged fissue unfil all areas fhaw. In 
addifion, frosfbife blisfers are kepf infacf, which 
means acfive mofion musf be done very caufiously 
in bed (Figure 10-24). In fhe case of an elecfrical in¬ 
jury, AROM is confinued from admission fhrough 
debridemenf, even fhough tendons may be exposed 
and ampufafion of a disfal exfremify is anficipafed. 
Disfal funcfion in fhe elecfrical injury is offen de- 
cepfive. The offen observed delayed microvascular 
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Fig. 10-24. Intact frostbite blister that complicates wound 
management, exercise, and ambulation. 


thromboses in the extremity results in gradually 
increasing demarcation of necrosis. However, dis¬ 
tal function is maintained as well as possible until 
need for ampufafion has been defermined. 

The graffing or immobilizafion phase of freaf- 
menf begins affer fhe casualfy is faken fo surgery 
for graffing and confinues unfil fhe graff is adher- 
enf or has faken and fhe pafienf is allowed fo be up 
walking. Care and rehabilifafion for all four fypes 
of burn injury are similar during immobilizafion for 
graff adherence. 

The wound mafurafion phase of freafmenf be¬ 
gins when fhe wound is healed and ends when fhe 
wounds are mafure and prosfhefic fiffing, if neces¬ 
sary, is complefed and when all reconsfrucfive pro¬ 
cedures are complefed. The wound mafurafion 
phase includes fhe shorfer inpafienf recovery fime, 
during which open areas become small enough for 
safe discharge from fhe hospifal and fhe longer con- 
valescenf period, which lasfs unfil all possible re- 
habilifafive and surgical infervenfions have been 
performed and all graffs, scars, and donor areas are 
mafure. The long final phase of wound mafurafion 
may begin in a rehabilifafion confer or fake place 
as an oufpafienf in fhe home or bofh. 

In acfualify, all of fhese phases of healing over¬ 
lap because an injury is rarely of a single depfh, and 
varying parfs of fhe body are also af differenf sfag- 
es. However, fhere are general principles of reha¬ 
bilifafion and convalescenf care fhaf apply fo all 
phases of healing. These general principles involve 
exercise, elevafed posifioning, orfhofic manage- 
menf, funcfional acfivify, adapfive equipmenf, and 
psychosocial adjusfmenf. Therefore, generic com- 
menfs concerning each of fhese topics will be dis¬ 
cussed inifially, wifh defails presenfed under each 
phase of wound healing. 

Acfive exercise mainfains range-of-mofion, max¬ 
imizes sfrengfh, minimizes edema, mainfains endur¬ 


ance, and improves circulafion, fhereby speeding 
wound healing. Passive mofion mainfains range-of- 
mofion. Proper and varied posifioning decreases 
edema; minimizes confracfure developmenf; and 
prevenfs dislocafions, neuropafhies, decubifi, and 
complicafions of bed resf such as pneumonia or phle- 
bifis. Orfhoses help decrease edema, eliminafe or 
minimize confracfures, immobilize graffs for heal¬ 
ing, increase funcfional use of an exfremify, correcf 
a deformify, speed healing, profecf healing fissue, 
and modify scar deposifion. Funcfional acfivify, wifh 
adapfive equipmenf, if needed, improves range-of- 
mofion, fine mofor dexferify and overall endurance. 
If increases feelings of self-reliance, improves self- 
esfeem, and hasfens discharge from fhe hospifal fo a 
less supervised selling. Psychosocial adjusfmenf in¬ 
cludes counseling fo reduce fhe inifial shock; fear; 
anxiefy; and sympfoms, such as sleep disfurbance, 
disfurbing dreams, appefife disfurbance, difficully 
falling asleep, or frequenf awakening during sleep. 
Lafer counseling provides infervenfions for com- 
plainfs of too much or foo little sleep, feelings of es- 
frangemenf or defachmenf from ofhers, recurrenf 
infrusive memories of fhe even!, memory impair- 
menf, difficully concenfrafing, relucfance fo accepf 
a changed body image, exaggerated focus on pain 
or ifching, decreased inferesf in sex, sensifivify fo 
loud noises or ofher cues related fo fhe accidenf, as 
well as irrifabilify and fear of reluming fo acfive duly 
or work. Premorbid drug or alcohol abuse is besf 
managed in an oufpafienf setting, during fhe wound 
mafurafion phase of care. Depression, anger, griev¬ 
ing, and changed sexual funcfioning are often ofher 
focuses of oufpafienf counseling. 

Acute Phase of Healing 

The goals in fhe acufe phase of wound healing 
are fo provide analgesia; assisf wound closure; pre- 
venf infecfion; modify edema; mainfain and im¬ 
prove join! and skin mobilify, and improve sfrengfh 
and endurance; lacilifafe casualfy and family par- 
ficipafion in fherapeufic procedures; improve self- 
care; achieve independenf self-feeding, personal 
hygiene, use of phone, and wrifing; increase sense 
of securify, competence, and self-worfh; and pro¬ 
vide appropriafe ouflefs for anger. 

Wound and Skin Care and Nursing During Acute 
Phase 

The pofenfial for infecfion related fo fhe loss of 
skin can be a life fhreafening even! for fhe burn ca¬ 
sualfy. Meficulous wound care is crucial. On admis- 
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Fig. 10-25. Range-of-motion exercises, 
unimpeded by dressings during wound 
cleansing. 


sion all areas of the body should be exposed and 
inspected to determine the extent and depth of the 
burn injury. A complete head-to-toe secondary sur¬ 
vey is also made at this time to ensure all associ¬ 
ated injuries have been identified and are being 
managed appropriately. During this process, which 
involves wound cleansing and dressing procedures, 
universal blood and body fluid precautions should 
be used. This includes, but is not restricted to, the 
use of plastic aprons, gloves, hats, masks, and pro¬ 
tective eye wear. The use of plastic aprons prevents 
contamination of scrubs with body fluids and also 
prevents cross contamination to other casualties. 

The purpose of wound cleansing is fourfold: it 

(1) provides a total inspection of the burn wound 
to examine for any signs or symptoms of infection; 

(2) allows for cleansing and gentle debridement of 
the burn wound; (3) provides the opportunity for 
the cleansing of unburned areas and examination 
of areas for other trauma and skin redness or break¬ 
down^®; and (4) encourages unimpeded range-of- 
motion to the affected areas and complete evalua¬ 
tion of the casualty's range of motion (Figure 10- 
25). 

Wound cleansing can be accomplished through 
a variety of methods, including use of a Hubbard 
tank or tub that may contain plain tap water or so¬ 
dium hypochlorite solution with a ratio of 1:200 (1 
part hypochlorite to 200 parts water). Casualties 
may be suspended over a tub and showered, a com¬ 
mercially available shower cart can be used, or a 
bedside basin can be used (Figure 10-26). Mortal¬ 
ity, incidence of positive blood cultures, and length 
of hospital stay for patients treated with immersion 
or rinsing has been studied, and no statistically sig¬ 


nificant differences were found.Time honored 
submersion in the Hubbard tank can provide rea¬ 
sonably comfortable soaking to remove dressings 
and a warm, gravity relieved place for exercise.®” 
its disadvantages include wound contamination 
from contact with intestinal bacteria that multiply 
in the bath water (avoided by water rinse over a 
tub or in bed); edema, when a body part is held 
dependent in the warm water; chilling if total body 
is exposed exiting the tub; frightening exposure, 
especially to children; increased itching from edema 
and drying; and rebound stiffness one hour after 
the immersion. 

Debridement to remove devitalized tissue and 
foreign bodies is frequently done in the operating 
room under anesthesia. Epluchage, the removal of 
devitalized burned tissue by sharp dissection per¬ 
formed serially with premedication for pain,®^ is 
reserved for very large TBSA burns. Wounds are 
usually cleansed at least daily. Thorough cleansing 
can be accomplished by using a soft gauze sponge, 
and some burn centers may choose to use a mild 
antibacterial cleansing agent such as chlorhexidine 
(Hibiclens) (Exidine) or dilute povidone-iodine 
(Betadine). Care should be taken not to scrub the 
wound as this can traumatize damaged tissue pos¬ 
sibly resulting in conversion to a deeper wound as 
well as increased pain for the casualty. Intact blis¬ 
ters should be left intact when they provide a physi¬ 
ologic protective layer over the injured part. How¬ 
ever, in the case of chemical burns, the blisters 
should be debrided as they may contain sequestered 
chemicals. If blister fluid becomes purulent or the 
blister leaks, then it should be debrided. Any loose 
skin or eschar should be mechanically debrided to 
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Fig. 10-26. Shower trolley method of 
wound cleansing. Note the protective bar¬ 
rier clothing worn by the staff. 


prevent a breeding ground for infection. Hair har¬ 
bors bacteria and should be shaved in the burn 
wound and clipped or shaved around the burn 
wound.The eyebrows are an exception and should 
never be shaved.®^ As hair bearing areas heal, hair 
follicles may remain sources of infection and shav¬ 
ing is continued until the wound is closed. After 
this, dry scalp is cleansed daily. Weekly wound cul¬ 
tures should be obtained to determine the microor¬ 
ganisms present. If the wound appearance or type 
of drainage changes radically, cultures should be 
obtained more frequently. 

Special attention should be given to the peri¬ 
neum. If an indwelling Foley catheter is present, 
thorough cleansing of the area is important. Cath¬ 
eters should be removed as soon as possible. Thor¬ 
ough cleansing after each stool is important to de¬ 
crease wound contamination from stool. If diarrhea 
is problematic, use of a rectal tube may be consid¬ 
ered to decrease frequent soiling of the wounds. The 
balloon on the rectal tube should be deflated every 
2 to 4 hours for 10 to 15 minutes to prevent pres¬ 
sure areas. 

The nurse or emergency medical technician at the 
scene interviews the patient before intubation is 
done to determine allergies or sensitivities; medi¬ 
cations being used; any preexisting disease such as 
hypertension, diabetes, epilepsy, schizophrenia, or 
cardiac or renal problems; or other situations such 
as recent fractures, chemotherapy, and alcohol or 
street drug use, which might complicate immedi¬ 
ate care and rehabilitation. 

Exposure to fire, smoke, chemicals, and products 
of combustion resulting in inhalation injuries can 


further complicate the burn victim's course of 
therapy. There may or may not be concomitant cu¬ 
taneous injuries. A complete respiratory assessment 
should be based on the history of the injury. Respi¬ 
ratory injury should be suspected if the victim was 
in a closed space. The length of time the victim was 
exposed to smoke should be noted and also the 
types of items burning and the condition of the vic¬ 
tim at the scene—burns of the face and neck; soot 
in mouth, throat, or nose; singed eyelashes, eye¬ 
brows, or nasal hairs; tachypnea, cough, hoarseness, 
or stridor. Diagnostic studies, such as arterial blood 
gases, carbon monoxide levels, and chest radio¬ 
graphs will provide a baseline to gauge future 
changes. Because of its high sensitivity and speci¬ 
ficity, diagnostic bronchoscopy has become the pre¬ 
ferred diagnostic study for identifying inhalation 
injury.®® 

Airway management in the respiratory compro¬ 
mised patient can be achieved by either endotra¬ 
cheal intubation or tracheostomy. The patient 
should be allowed to talk to family or communi¬ 
cate with the medical staff prior to intubation if the 
situation is not an emergency. Nasotracheal intu¬ 
bation is the preferred approach as it is a nonop¬ 
erative procedure, the tube can be easily removed, 
and it poses less risk of bacterial contamination of 
the lungs. The use of a high volume-low pressure 
cuff is advocated with the cuff pressure adjusted to 
a minimal leak. Minimal leak technique is done to 
determine the least amount of air needed to seal 
the cuff on the trachea. This technique will decrease 
problems of stenosis and vocal cord damage, fis¬ 
tula formation, tracheal dilation, and allow proper 
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mechanical ventilation. Securing nasotracheal tubes 
in the patient with facial burns can be achieved by 
using umbilical tape or twill tape tied securely 
around the tube, then around the head. As facial 
edema increases and decreases, adjusfmenfs in fhe 
fies should be made. Ties should be changed fo pre- 
venf accumulafion of exudafe or crusfing of fhe fies. 

If orofracheal infubafion is used, a bife block 
should be placed befween fhe feefh fo prevenf fhe 
pafienf from bifing fhe fube and obsfrucfing if. Ad- 
vanfages and disadvanfages are similar fo fhose for 
nasofracheal infubafion plus fhe disadvanfage of 
decreased ease of providing good oral hygiene in 
fhe orofracheal infubafed pafienf. 

Tracheostomy may allow for pafienf comforf and 
easier oral alimenfafion. Ifs disadvanfages include 
increased risk of bacferial confaminafion of fhe 
lungs, frauma fo fhe neck if burns are presenf, and 
greafer risk of fracheal injury as fracheosfomy cuff 
pressures are higher fhan endofracheal fubes.®^ 

Mechanical venfilafion is used in pafienfs nof 
able fo mainfain adequafe sponfaneous respirafions. 
There are several respirafor modes from which fo 
choose fo provide fhe appropriafe fherapeufic sef- 
fing. 

Control mode. The pafienf receives a breafh from 
fhe venfilafor af predefermined rafes, whefher or 
nof fhe pafienf affempfs fo breafhe. 

Assist mode (assist/control). The pafienf receives 
a venfilafor breafh whenever an affempf fo breafhe 
is made; a minimal rafe is provided if no affempf fo 
breafhe is made. 

Intermittent mandatory ventilation mode. Regu¬ 
lar predefermined breafhs are delivered and fhe 
pafienf is allowed fo breafhe af his own fidal vol¬ 
ume and, lafer, befween venfilafed breafhs. This 
mode is frequenfly used for weaning. 

Positive end-expiratory pressure (PEEP). PEEP 
improves oxygenafion by improving venfilafion fo 
poorly or nonvenfilafed lung segmenfs and pre- 
venfs alveolar collapse. 

Continuous positive airway pressure (CPAP). 
CPAP restores fhe gloffic mechanism of infrapul- 
monary pressure mainfenance, which has been 
eliminafed by infubafion. 

The use of medicafions may aid in fhe manage- 
menf of fhe venfilafed pafienf. Appropriafe anal¬ 
gesics and sedafives will reduce anxiefy and allow 
pafienf and venfilafor fo work fogefher. Somefimes 
fhe use of muscle relaxanfs is necessary fo assisf in 
fhis process. In a few cases, paralyzing medicafions 
are needed fo allow adequafe venfilafion. Sferoid 
fherapy in inhalafion injuries remains confroversial. 
Generally, prophylacfic anfibiofics are nof used as 


fhis may lead fo fhe developmenf of resisfanf sfrains 
of organisms. 

Circumferenfial fhoracic burns may resfricf res- 
pirafory excursion and escharofomies should be 
performed fo improved respirafory excursion. 

Nursing assessmenfs and dufies include (a) 
breafh sound assessmenf; (b) pulmonary foilef us¬ 
ing asepfic sucfioning fechnique; (c) nofafion of 
color, qualify, and quanfify of spufum; (d) fuming 
pafienf and posifioning; (e) posfural drainage and 
chesf physiofherapy if folerafed; and (/) monitor¬ 
ing for signs of infecfion and changes in spufum or 
growfh of pafhogens, fever, changes in vifal signs, 
or chesf pain. They also assisf in moniforing arfe- 
rial blood gas (ABG), chesf radiographs, and 
pafienf's progress wifh weaning. 

Once fhe pafienf is weaned and exfubafed, ag¬ 
gressive pulmonary hygiene is crucial in mainfain- 
ing fhe pafienf's airway and mainfaining pulmo¬ 
nary funcfion wifhin normal limifs. Proper care in¬ 
cludes frequenf deep breafhing, coughing, posifion 
changes, use of incenfive spiromefer, or nebulizer 
freafmenf, and provision of humidified oxygen. 
Sucfioning may be required if fhe pafienf is nof able 
fo adequately clear secrefions. Confinued monifor¬ 
ing of ABGs or oximefry and serial chesf radio¬ 
graphs is required.®® 

Consfipafion is a common side effecf of analge¬ 
sics. The nurse musf monifor and freaf fhis prob¬ 
lem. Sfool soffeners, bulking agenfs, or laxafives 
should be used. Diarrhea may be a sign of impac- 
fion, Clostridium difficile infecfion, high osmolarify 
or high faf fube feeding, and proper evaluafion musf 
precede managemenf decisions. 

Weekly phofographs sfarfing af admission 
should be faken fo documenf fhe course of wound 
healing. Phofographs should include overall body 
areas as well as close-ups of individual areas and 
should be faken after cleansing and before dress¬ 
ing applicafions. Close-up photos wifh a measur¬ 
ing device nexf fo fhe small open area or a decubi- 
fus are useful. 

The nursing sfaff should closely examine splinted 
areas during dressing changes fo defecf pressure 
areas. Occupafional fherapisfs (OTs) and physical 
fherapisfs (PTs) should periodically see fhe casu- 
alfy during dressing changes. During fhis fime, fhey 
can monifor range-of-mofion wifhouf resfricfive 
dressings, view open areas or areas of pofenfial 
problems, and formulafe a plan of acfion. 

Awareness of environmenfal room femperafure 
is imporfanf so fhe burn casualfy undergoing 
wound cleansing does nof become hypofhermic or 
wasfe calories mainfaining body femperafure. 


599 


Rehabilitation of the Injured Combatant. Volume 2 


Room temperatures in the 80 °F range are generally 
comfortable for the casualty. This temperature can 
be maintained by thermostat adjustment to increase 
the individual room temperature or by directing 
heat energy to the casualty using overhead heat 
lamps or heat shields. 

The nursing staff monifors fhe casualfy's level 
of pain and anxiefy fhroughouf the day as well as 
before and during painful procedures. Adequate 
analgesics are administered before and fhroughouf 
these procedures. Patient controlled analgesia 
(PCA) is often appropriate when the casualty has 
an intravenous (IV) infusion in place. Long acfing 
narcofics such as confinuous morphine or mefha- 
done are given fo relieve background pain fhaf is 
confinuous when ofher painful freafmenfs are nof 
occurring. Ofher relaxafion modalifies, such as deep 
breafhing, guided imagery, and lisfening fo music 
can also be insfifufed by fhe nursing sfaff fo pro¬ 
vide disfracfion and emofional supporf. These re¬ 
laxafion techniques should be introduced to the 
casualty and practiced by the casualty prior to pain¬ 
ful procedures. Some casualfies find fhey can also 
confrol fheir pain by parficipafing in fheir care, 
whefher if is helping to remove dressings or assist¬ 
ing in gentle wound cleansing. When casualties 
perceive they have some control over their care and 
treatment, anxiety, apprehension, and often pain, 
decrease.“ 

Burn wounds can be treated using an open or 
closed technique. There are advantages and disad¬ 
vantages to both techniques. In the open method 
the topical antibacterial cream is applied directly 
to the wound and the wound is left open. This 
method allows for increased visualizafion of fhe 
wound, mobilify unencumbered from bandages, re¬ 
quires less inifial nursing fime, and reduces cosf of 
bandages. Disadvanfages fo fhis mefhod may in¬ 
clude increased risk fo fhe casualfy for hypofher- 
mia and frauma fo the wound. Nursing staff musf 
frequenfly reapply the topical cream as it dries out 
or is wiped off. Also, fhe sighf of fhe open wound may 
be difficulf for fhe casualfy, family, and visifors. 

The closed mefhod ufilizes a variefy of gauze and 
or specialty dressings commonly used on burn 
wounds. This method of dressing usually consisfs 
of fhree layers. 

1. Confacf layer, such as fine mesh gauze or 
Adaptic (Johnson & Johnson), fhaf frans- 
porfs secrefions from fhe draining burn or 
acfs as a profecfive barrier for healing 
wounds. This layer can be impregnafed 
wifh fhe anfibacferial cream. 


2. An infermediafe layer, such as coarse mesh 
gauze or burn pads, which cushions fhe 
wound and absorbs drainage. 

3. The oufer layer, consisfing of Kerlix 
(Kendall Healfhcare Producfs Co.) or Kling 
(Johnson & Johnson), which helps keep fhe 
ofher layers in posifion. If should conform 
to the body part in such a way as to avoid 
constriction secondary to edema.“ Prod¬ 
ucts such as Burn Net (ACME) also aid in 
keeping dressings in place without using 
tape. Special attention should be paid to 
fingers, foes, or areas where burn surfaces 
are adjacenf. These areas should be indi¬ 
vidually wrapped so burn surfaces do nof 
touch each other. This will help prevent 
mechanical trauma and minimize wound 
contractures.®^ Gauze should be wrapped 
distal to proximal in a gradient manner to 
allow for beffer circulatory refurn. 

Nursing protocols should include proper posi- 
fioning fo prevenf confracfures and reduce edema. 
Exfremifies should be elevafed above fhe level of 
fhe hearf fo decrease edema formafion, promofe 
venous refurn, and decrease pain. Frequenf checks 
of circulafion and peripheral pulse are imporfanf 
to detect circulatory compromise. Casualties with 
burns of face, neck, and head should have fhe head 
of fhe bed elevafed fo assisf edema confrol and res- 
pirafion. Also, casualfies with head and neck burns 
should not have pillows conducive to flexion of fhe 
neck. Pressure on ear burns can be relieved by us¬ 
ing plasfic profecfors, or foam donufs placed un¬ 
der fhe head instead of pillows. Care wifh fie fape 
placemenf for airways and nasogasfric tubes must 
be taken to decrease the risk of chondrifis. If fhe 
pafienf develops sinusifis from nasal airways and 
nasogasfric fubes and fhese fubes cannot be discon¬ 
tinued, they are either changed to the oral types or 
a tracheostomy is performed. There is no definite 
time for a fracheosfomy; it is left to the discretion 
of fhe surgeon in consulfafion wifh fhe pulmonary 
team. If fhe pafienf is going fo require an airway 
for pulmonary foilef or venfilafor use for a pro¬ 
longed period of fime a tracheosfomy is preferable. 
Somefimes a fracheosfomy is used fo profecf new 
fragile face or neck graffs. 

Nurses monifor and apply fhe orthofics provided 
by fhe fherapy feam fo ensure 24-hour compliance 
wifh proper alignmenf wifhouf decubifi. If is im¬ 
porfanf for fhe primary nurse fo facilifafe open com- 
municafion with the burn team members in regard 
to scheduling the casualty's activities to provide 
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time for medical treatments, occupational and 
physical therapy, and rest periods. Involving the 
casualty in the scheduling process frequently re¬ 
duces casualty stress and promotes acceptance. 
Posting the casualty's schedule and any special rou¬ 
tines regarding splints or exercises will also increase 
casualty, family, and staff agreement when an OT 
or PT is not working with the casualty. Optimal out¬ 
comes are achieved more readily with team consis¬ 
tency and harmony. 

Ambulation or sitting up in a chair the day after 
injury, if not contraindicated, assists improved res¬ 
piration; prevents pneumonia and orthostatic hy¬ 
potension; and also assists the casualty in regain¬ 
ing strength, maintaining mobility, and feeling less 
passive. Casualties with leg burns should wear 
single or double elastic wraps when the legs are in 
a dependent position to increase venous blood re¬ 
turn and decrease the pain associated with venous 
stasis (Figure 10-27). Cotton batting padding strips 
may also be needed on either side of the tibia to 
protect thin tissue over this bony prominence in the 
very old or thin person. 


Whenever possible, functional activities around 
the clock should be encouraged. Not only should 
the burn team be aware of what the casualty is ca¬ 
pable of doing in areas of self-care, but the family 
should know as well. Frequently, the burn team and 
family will do activities for the casualty that he is 
capable of independently performing. The casualty 
gains self-esteem and self-confidence by being as 
independent as possible. The family can be directed 
to participate with the casualty in activities such as 
applying lotion, organizing get well cards, answer¬ 
ing mail, or playing games, rather than promoting 
casualty dependence by feeding the person. 

Casualty and family education is an important 
factor in understanding and executing the treatment 
program. The nursing staff must be able to assess 
the casualty and family's readiness and ability to 
learn. Apprehension can be decreased and motiva¬ 
tion increased with careful explanations and ratio¬ 
nale given for all procedures. When the family is 
included, and has a good understanding of the burn 
treatment program, they are able to give better sup¬ 
port to the casualty. Family members and the pa- 



Fig. 10-27. Venous stasis, purple color of dependent tissue and proper elastic wrap support, (a) Venous stasis in 
dependent areas, (b) Blisters and vascular insufficiency in legs without venous support, (c) Double elastic wraps 
applied prior to dependent positioning or ambulation. 
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tient supply important information about the 
individual's past and present thoughts, feelings, 
wanfs, needs, and learning sfyle, which confribufe 
fo more effecfive rehabilifafion. 

For fhe burn casually, adequafe nufrifion is as 
vifal as any ofher phase of wound managemenf, for 
wifhouf if, wounds, graffs, and donor sifes will nof 
heal and fhe casually becomes more suscepfible fo 
infecfion. The nufrifional goal in fhe burn casually 
is fo achieve a posifive or neufral nifrogen balance. 
Pafienfs wifh minor burns under 20% TBSA usu¬ 
ally can meef fheir needs wifh a high calorie, high 
profein die! and supplemenfal mulfivifamins. Ca- 
sualfies wifh more fhan 20% TBSA burn may require 
nufrifional supporf via a feeding lube. Frequenfly, 
paralyfic ileus is a complicafion found in fhe major 
burn casually. The ileus generally will resolve in 
one or fwo days. Wifh fhe resforafion of bowel 
sounds, enferal feedings of an appropriafe lube 
feeding supplemenf can be inifiafed.^® These lube 
feedings can be infused confinuously or infermif- 
fenfly by a confrolled pump. Depending on fhe fype 
of lube feeding producf used and casually tolerance, 
inifial adminisfrafion of hyperfonic lube feeding, 
such as Traumacal (Mead Johnson) should be half 
sfrengfh af an infusion rale of 50 cm^ /h for fhe firs! 
24 hours, fhen gradually increasing fhe rale and 
fhen fhe sfrengfh over fhe nexf few days. If con- 
finuous enferal feedings are used, if is imporfanf fo 
check sfomach residuals every four hours fo ensure 
fhe sfomach is empfying and prevenf aspirafion. 
This can be done by using a piston syringe, aspiraf- 
ing back fhe sfomach confenfs, recording fhe 
amounf, and reluming fhe aspirafe fo fhe sfomach. 
If fhe aspirafe is greafer in mL fhan 110% of fhe 
hourly rale or if fhe casually complains of a very 
full feeling, fhe lube feeding rale should be de¬ 
creased or lube feedings held unfil fhe residual de¬ 
creases. Feeding lubes can be held in place by con- 
venfional faping mefhods provided fhe burn does 
nof involve fhe face. If facial burns have been sus- 
fained, fwill fape can be secured around fhe lube 
and fhen lied around fhe casualfy's head (Figure 
10-28). The knof should be on fhe side so fhe casu¬ 
ally does nof lie on if. Also, fhe lies should be snug 
buf nof foo tighf and should be closely evaluated 
as edema flucfuafes. Twill fape lies should be 
changed when face care is done. 

Daily weighfs and calorie counfs are imporfanf 
in assessing fhe casualfy's nufrifional infake and in 
evaluafing progress. As wound size decreases and 
mefabolic demands decrease, fhe caloric and pro¬ 
fein requiremenfs should also be reassessed fo avoid 
overfeeding and excessive weigh! gain.^® As fhe 



Fig. 10-28. Feeding tube secured with twill tape. 


casualty becomes able to tolerate adequate oral 
nutrition, the enteral feedings are decreased. When 
nausea or vomifing are problemafic, fhe nurse as¬ 
sesses fhe cause and, affer consulfafion wifh fhe 
physician, alfers fhe feeding program or adminis¬ 
ters anfiemefics. Casualfies wifh persisfenf ileus or 
ofher complicafions fhaf would prohibif fhe use of 
enferal feedings will require parenferal hyperali- 
menfafion and IV faf fo meef fheir nufrifional re¬ 
quiremenfs. 

Exercise during the acute phase of healing. For 
fhe purpose of discussion in fhis chapter, fhe fypes 
of range-of-mofion will be defined as follows: 

• Passive range-of-mofion (PROM) is move- 
men! of fhe join! fhrough fhe unresfricfed 
range of mofion, which is produced enfirely 
by an external force and fhere is no volun- 
fary muscle confracfion. If is pain free, re- 
sisfance free and is shorf of fhe anatomical 
end poinfs of fhe join! or of fhe limif if a 
confracfure or calcificafion are presenf. 
Movemenf performed wifhouf assisfance or 
resisfance on fhe par! of fhe pafienf is con¬ 
sidered passive exercise. 

• Acfive assisfive range-of-mofion (AAROM) 
is movemenf in which assisfance is pro¬ 
vided by an oufside force. The prime mover 
muscle for fhaf join! needs assisfance fo 
complefe fhe unresfricfed mofion. AROM 
wifh ferminal sfrefch means fhe pafienf vig¬ 
orously moves fhe join! fhrough available 
mofion, fhen fhe fherapisf genfly sfrefches 
fhe join! in ifs proper plane of mofion, fo- 
ward fhe exfremes of full mofion. This is 
offen used for burn pafienfs fo elongafe 
confracfing connecfive fissue in fhe healing 
wound. During fhe sfrefch fhe reddened. 
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healed wound blanches and then turns pink 
again. AROM is movement within the un¬ 
restricted range of movement, which is pro¬ 
duced by active contraction of fhe muscles 
crossing fhaf joinf.®^ 

• Prolonged sfrefch is a relafively long ferm 
posifion or equipmenf confrolled sfrefch, 
characferized by objecfive forque applica- 
fion. If is differenf from all ofher range-of- 
mofion definifions. 

• Low load is applied for a very long, toler¬ 
able fime relafive to fhe load fhe joinf is able 
to fake. This fype of sfrefch is used over- 
nighf or for a prolonged fime and fherefore 
musf be folerable for fhe long ferm benefif. 

If is similar fo serial casfing. Nafural heal¬ 
ing of burn wounds occurs by confracfion, 
and fhis shorfened connecfive fissue is par- 
ficularly responsive fo fhis susfained fype 
of sfrefch. Low load, prolonged sfrefch has 
fhe addifional benefif of genfly, slowly 
overcoming muscular coconfracfion by fhe 
casualfy who is fearful of pain or who is 
confused and resisfing all exercises. Casu- 
alfies offen requesf desensifizafion by vi- 
brafion or massage of adjacenf areas fo as- 
sisf fhem fo relax during fhis type of sfrefch- 
ing. Massage direcfly on fhe scar is offen 
painful and unfil fhe healed scar is durable, 
may produce painful blisfers, so is confrain- 
dicafed. Disfracfion of joinf surfaces in con- 
juncfion wifh fhis sfrefching may decrease 
pain and muscle spasm and increase fhe 
effecfiveness of sfrefching.®^ 

A fhorough hisfory is needed fo defermine fhe 
fype of range-of-mofion fhaf will meef fhe casualfy's, 
physician's, and fherapisf's mufual goals. Passive 
sfrefching is never used in fhe case of proximal in- 
ferphalangeal (PIP) joinfs fhaf have exposed fendon 
or joinf capsule or burned elbows. Acfive mofion 
decreases fhe risk of heferofopic ossificafion af fhe 
elbow joinf.®®'®® All range-of-mofion is confraindi- 
cafed in cases of forn ligamenfs, fendons, or 
muscles; in fhe region of unhealed fracfures; and 
immediafely following surgical procedures fo fhe 
skin, fendons, or surrounding soff fissue. Soldiers 
who susfain bafflefronf burns offen susfain accom¬ 
panying injuries such as penefrafing wounds, frac¬ 
fures, or concussions in addifion fo skin damage. 

Muscle soreness can be avoided by lighf warm 
up and warm down acfivifies. When severe joinf or 
muscle pain is nofed during exercise or when pain 
lasfs more fhan 24 hours, fhe fherapisf should evalu- 


afe fhe cause and change resisfance, durafion, 
speed, and frequency of exercise appropriafely. 
When pain persisfs, consulfafion wifh fhe referring 
physician is also indicafed.“Burn casualfies seek¬ 
ing pain relief are offen seen lying in a flexed, ad- 
ducfed posifion. This is fhe posifion of wifhdrawal 
from pain. When confracfures develop, fhey are 
mosf commonly nofed over flexor surfaces. Con¬ 
fracfures in a flexed posifion are very difficulf fo 
alleviafe because exfensor musculafure is usually 
much weaker fhan flexor muscles. An exfended 
posifion is equally comforfable as flexion, once fhe 
fissue sfrefches. Immobilify or resf does nof relieve 
pain as well as analgesic medicafions; in facf, im¬ 
mobilify increases pain because inifially skin and 
lafer joinf confracfures quickly become resisfanf fo 
being sfrefched. Casualfies, friends, and relafives 
offen believe fhe myfh fhaf "resf is fhe besf way fo 
heal a burn." However, burned soldiers do nof be¬ 
come sfrong and flexible by passive mofion or resf. 

Therapisfs are encouragers. The acufely burned 
soldier, wifh fhe assisfance of sufficienf analgesics 
and sedafives, musf move genfly fhrough full 
AROM each day fo improve peripheral circulafion, 
keep joinfs nourished, and prevenf confracfures or 
decubifi. The fherapisf is fhe resource. The casualfy 
is fhe source of exercise and recovery. Togefher fhey 
collaborafe fo form fhe rehabilifafion plan mosf 
appropriafe fo fhis individual injury, wifh foremosf 
emphasis on acfive mofion. 

AROM is fhe only successful mefhod of keeping 
healing burned fissue elongafed. All areas injured, 
including fhe face, neck, bilaferal upper exfremi- 
fies, hands, bilaferal lower exfremifies, feel, and frunk 
require affenfion. Confracfures of fhe flexor surface 
such as finger PIP, knee, and elbow flexion are nofed 
mosf frequenfly. However, exercise in all planes of 
mofion musf fake place. The core musculafure re¬ 
ceives primary considerafion in order fo sfabilize 
fhe frunk, neck, and scapula during exfremify ex¬ 
ercise. If is a challenge fo inifiafe acfive mofion as 
soon as fhe casualfy is admiffed, especially when fhe 
injury is greafer fhan 50% TBSA and occurred in com- 
baf. However, since passive freafmenfs are ineffec- 
five in full recovery, if is imporfanf fo provide anal¬ 
gesia and sedafion levels adequafe fo enlisf fhe ca¬ 
sualfy in early exercise such as bed mobilify, rea¬ 
sonably comforfable dangling, getting up for bafh- 
room care, sitting in fhe chair, and ambulafion. The 
filf fable is an excellenf preparafion for ambulafion 
when fhe casualfy is foo weak fo ambulate inde- 
pendenfly (Figure 10-29). Till fable posifioning is 
begun before graffing is complefed. Offen fhe sol¬ 
dier will have many IV lines, a Foley cafhefer, and 
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Fig. 10-29. Standing table exercise. Daily living skill prac¬ 
tice distracts the casualty during standing. 

chest and feeding tubes in place when the tilt table 
exercise is initiated. Tilt table exercise will often be 
combined with functional activities to help distract 
the person from wanting to return to bed. 

The alert, cooperative casualty must learn to 
move past the painful range to the extremes of joint 
motion. Gentle terminal stretching is the least pain¬ 
ful method of achieving this mobility. Active assis¬ 
tive exercises with terminal stretching teach the 
casualty how to move the body part and achieve 
the extremes of motion which are not used sponta¬ 
neously during activity (Figure 10-30). Prolonged, 
vigorous stretch, although sometimes appropriate 
with a healed, contracted joint, is never appropri¬ 
ate with the early edematous burn. For the recep¬ 
tive casualty, PROM is unnecessary. 

Exercise can be done during the bathing proce¬ 
dure and at other times during the day. If the ban¬ 
dages are dry and stuck or the xenograft has dried 
and is inflexible, pain will inhibit cooperation with 
full AROM. In this case, exercise during the bath¬ 
ing procedure will benefit the casualty; however, 
he may be distracted by wound pain, may not be 



Fig. 10-30. Kinaire bed anticontracture bed positioning, 
neck extension, shoulders abducted to 90°, arms on 
wedges, hips and knees straight, and ankles at neutral. 

able to do active motion, and pain medications will 
inhibit his ability to remember the exercises. If there 
is topical medication under the gauze bandages and 
they are wrapped in a loose figure-8 method that 
slides easily, exercise in the bandages is preferred 
by the casualty. In all cases the therapist and pre¬ 
scribing physician should observe the tissue with 
bandages removed during the stretching exercises 
at least twice a week. 

Walking is one of the more comfortable early 
exercises. The use of an overhead walker provides 
a graded method of elevation and exercise for the 
upper extremities (Figure 10-31). Additionally, 
squeezing the overhead bar facilitates a "pumping 
action," thereby reducing edema in the upper ex¬ 
tremities. The overhead bar is large enough to avoid 
damaging inflamed dorsal finger tendons during 
exercise. During the early treatment period, ambu¬ 
lation 3 or 4 times a day for 15 minutes, using the 
overhead walker, will maintain satisfactory shoul¬ 
der flexion and elbow extension; wrist extension; 
gross fist of hand; and straight trunk, hip, knee, and 
ankle flexion and extension. Gentle daily elevated 
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Fig. 10-31. Overhead bar connected to a wheeled walker 
used for hand exercise, arm positioning, and shoulder 
flexion. 


active exercise not only prevents skin or soft tissue 
contractures, it also improves circulation and de¬ 
creases complications such as pneumonia, pulmo¬ 
nary emboli, phlebitis, and venous engorgement. 
When exercise decreases edema and inflammation, 
the wound heals more quickly and there is less pain. 
Physical activity gives a person increased energy, 
and decreases depression®^ and insomnia, which 
also speeds healing. 

Continuous passive motion (CPM) devices help 
to modify edema®^ and preserve motion when the 
joints and soft tissues are not yet stiff. However, 
casualfies who are recovering from larger burns 
begin fo develop sfiff joinfs and confracfing soff fis- 
sue during fhe second or fhird week affer injury. 
Reciprocal pulleys, two-handed calisthenics, slow 
bicycling, and dowel exercises (Figure 10-32) have 
been safe mefhods of providing sfrefching mofion. 
The casualfy confrols fhe speed and durafion of fhe 
passive sfrefch. The fherapisf is fhe coach. Foam or 
rubber band grippers are safe early hand exercise 
devices. Liberal exercise choices and written graded 
programs assisf when a casually is hosfile or ob- 
sfreperous. If is reassuring fo fhe casually fo be 
given as much control as possible in exercising, 
since he does not have control of mosf ofher freaf- 
menf areas. 



Fig. 10-32. Pigmentation of mature burn wound, (a) Hypopigmentation and hyperpigmentation, Caucasian person, 
(b) Hypopigmentation and hyperpigmentation of right arm and chest, African American person. Note the white areas on 
upper arm represent total permanent loss of pigmentation. Note the patient is using a dowel for overhead exercise. 
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After several weeks, when the casualty is not 
maintaining full AROM, it is very helpful to evalu¬ 
ate the range during anesthesia for some other pur¬ 
pose such as skin grafting. If full range-of-motion 
is present, the casualty should be encouraged to 
increase the frequency and vigor of independent 
elevated exercise. When inflammation is present, 
passive motion must be especially cautious. The 
therapist moves the joint very slowly and steadily 
in the proper plane of motion. The joint above and 
below the one being evaluated are stabilized. Gentle 
force; slow, steady speed; and correct orientation 
are the keys to safe range-of-motion. This is par¬ 
ticularly true for evaluation when the casualty is 
anesthetized. The arm is not hyperextended or the 
shoulder stretched above 120° when the patient is 
under anesthesia. 

The contracted elbow joint or the open PIP joint 
are never stretched passively, even under anesthe¬ 
sia. It may be possible to allow gravity to stretch 
the elbow joint into flexion or extension, if "grav¬ 
ity assist" positioning is permitted by the surgeon. 
In the case of serial or "drop out" casting, an elbow 
joint may be safely returned to the previous posi¬ 
tion in the cast if the soft tissue has not contracted 
more than 1 or 2 hours or the cast has not been off 
for a prolonged time (Figure 10-33). 



Fig. 10-33. Drop-out elbow orthotic. 


When the casualty is too ill for active motion, 
muscle atrophy and joint contractures develop 
quickly. Inflammation may contribute to heterotopic 
ossification or fibrosis.“ Passive motion in the cor¬ 
rect planes of motion for each affected joint is indi¬ 
cated except for the elbow joint or open PIP joints. 
Passive motion helps to prevent contractures, but 
will not prevent muscle atrophy. When the casu¬ 
alty is confused and combative, passive motion is 
indicated. However, when the casualty is causing 
increased inflammation by fighting restraints, po¬ 
sitioning appliances, or passive motion, increased 
heterotopic ossification, wound breakdown and 
nerve damage are often observed. Team consulta¬ 
tion is appropriate to determine safe parameters of 
increasing analgesia or administration of major or 
minor tranquilizers. 

Electrical neuromuscular. Functional electrical 
stimulation (FES) has been used in general rehabili¬ 
tation with the goals of retarding disuse muscle at¬ 
rophy, reducing contractures due to weak muscles, 
and increasing venous and lymph flow in the stimu¬ 
lated muscles. It may be technically difficult to per¬ 
form with burn patients during the acute stage. It 
does not replace AROM exercise and is not as ef¬ 
fective as an active strengthening therapeutic treat¬ 
ment program even when used at a high current 
intensity. FES may not be comfortable or well toler¬ 
ated on unhealed burned tissue. Its use in burn ca¬ 
sualties may be better reserved for the maturation 
phase of burn care. 

Intermittent compression using elastic wraps can 
be very effective in edema reduction when coupled 
with elevated positioning and/or elevated exercise. 
The elastic wrap needs to be applied uniformly to pre¬ 
vent a tourniquet effect and must have a greater per¬ 
pendicular pressure distal to proximal. A mechani¬ 
cal device such as a Jobst Intermittent Compression 
Pump or a Wright Linear Pump (Wright) can be used 
when the patient is immobilized or resting. These two 
devices apply pneumatic pressure onto an extrem¬ 
ity at selected pressure and time intervals. The pres¬ 
sure and time must be individualized to be within 
a patient's tolerance, but the pressure and time 
should be increased for maximum effectiveness. The 
pressure should not exceed the diastolic blood pres¬ 
sure. A typical Jobst pump starting pressure may be 
40 mm Hg with a time interval of 1 minute "on" and 
30 seconds "off" with the "on" time increasing to tol¬ 
erance. The Jobst pump pressure is uniform through¬ 
out while the Wright pump delivers a sequential 
pressure pattern moving from proximal to distal 
allowing a "pumping" action to the edematous tis¬ 
sue. A typical beginning Wright pump program 
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would be distal chamber at 45 mm Hg, middle 
chamber at 25 mm Hg, and proximal chamber at 5 
mm Hg pressure; a 2-minute cycle with the distal cell 
inflated for 90 seconds, disfal plus middle cells inflafed 
for 70 seconds, and all fhree cells inflafed for 50 sec¬ 
onds, wifh a 30 second "resf" or "off" period. These 
devices should be considered when edema resolufion 
can nof be accomplished in anofher, more conserva- 
five fashion. They may nof be well folerafed, and 
increased analgesia will probably be required. The 
overall freafmenf fime using fhe pump is increased 
from 1 hour fo overnighf as folerafed. The pumps are 
more commonly used in fhe mafurafion phase of heal¬ 
ing when fhe skin can beffer folerafe fheir use. 

Daily, genfly graded acfivify will diminish loss 
of sfrengfh, while if improves range of mofion. This 
is accomplished by every member of fhe rehabilifa- 
fion feam acfively encouraging fhe casualfy and 
family fo parficipafe in self-care acfivifies and con- 
finued exercise, despife fhe seriousness of fhe in¬ 
jury. The casualfy is mofivafed by fhe increased 
speed of healing caused in parf by exercise and ac¬ 
fivify. Presenfing numerous differenf fypes of ac¬ 
fivify helps fhe casualfy choose an acfivify fhaf is 
inferesfing. Nerf games, bicycling, sfair climbing, 
balloon boxing, and calisfhenics are good exercises. 
Craffs, if volunfeers or family members join fhe ca¬ 
sualfy in fhese projecfs, will reinforce acfivify. 

Daily living skills such as independenf use of fhe 
phone, self-feeding, shaving, brushing feefh, and 
self-foilefing are excellenf exercises for fhe upper 
exfremifies. Successful independence is mofivafing. 
Unlike repefifive calisfhenics, which may be bor¬ 
ing, a pafienf undersfands fhe imporfance of daily 
living skill pracfice and is usually mofivafed by a 
desire fo regain independence. If is helpful for fhe 
casualfy fo keep in mind fhe goals of regaining 


maximum independence wifh fhe fewesf possible 
scar bands and wifh fhe leasf possible disfiguremenf 
while he sfruggles wifh self-care or does uncom- 
forfable exercises. 

Positioning in the Acute Phase 

Proper posifioning is fhe alignmenf of body parfs 
fhaf is recommended for fhe burn casualfy who is 
af resf, siffing, lying prone or supine, or sfanding. 
During fhe acufe phase, anfigravify posifioning de¬ 
creases fhe pofenfial fo develop confracfures; assisfs 
venous refurn, which will minimize edema; profecfs 
fhe peripheral nerves from being sfrefched or fur- 
fher fraumafized; assisfs proper respirafory func- 
fion; and profecfs fhe healing wound. A pasf medi¬ 
cal hisfory of previous arfhrifis, sfrokes, brain in¬ 
jury, or residuals from previous frauma may modify 
fhe posifioning plan. A fhorough physical exami- 
nafion and sensory evaluafion reveal accompany¬ 
ing injuries fhaf musf be considered when devel¬ 
oping plans for prolonged posifioning. Affer a burn 
injury, fhe inflammafory response inifiafes a pro¬ 
cess by which any posifion mainfained for more 
fhan 8 hours wifhouf acfive mofion causes early 
confracfure formafion. 

The fypical anficonfracfure bed posifioning 
mefhod would consisf of neck exfension, shoulders 
abducfed fo 90° and forward flexed 15°, elbows 
lacking 15° of exfension and supinafed, wrisfs and 
hands in funcfional posifion, hips exfended and 
abducfed 10° wifhouf exfernal rofafion, knees in 
exfension, and ankles af neufral. There is, however, 
no single posifion fhaf fofally prevenfs confracfures. 
(Typical anficonfracfure posifioning—supine, 
prone, laferal decubifus are shown in Figures 10-30 
and 10-34 and are defailed in Table 10-3.) 



Fig. 10-34. Regular bed with hyperextension mat¬ 
tress anticontracture positioning, head on foam do¬ 
nut, arms on wedges secured to over-the-bed tables. 
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TABLE 10-3 

TYPICAL ANTICONTRACTURE POSITIONING—SUPINE, PRONE, AND SIDE-LYING 



SUPINE 

PRONE 

SIDE-LYING 

Anterior neck burns 

Position in extension or 
hyperextension. 

A roll may be placed under 
the neck. A towel roll 
under the shoulders or 
along the spine 
hyperextends the neck. If 
contracture develops apply 
a soft neck collar. 

Alternate head to side. 

Position the neck in 
extension. 

Shoulder burns 

At 90° of abduction and 

15° forward flexion 
(airplane position). 

Abducted and externally 
rotated as possible. 

Alternately position 
shoulder in 90° of 
flexion, elevate the arm 
above the level of the 
heart. 

Wrist/Hand 

Elevate wrist above elbow 
and elbow above shoulder. 

If contractures develop, 
apply antideformity 
burn wrist/hand orthoses. 

If no orthosis, use glove 
vascular support for edema 
control. 

If no orthosis, elevate 
the free wrist/hand. 

Hip 

Place hips in neutral 
rotation, 15° abduction, 
and extension. 

Place hips in neutral 
rotation, 15° abduction, 
and extension. Avoid frog 
leg position. 

Alternate right and left 
legs into flexion and 
extension. 

Knee 

Position in extension. 

Position in extension. 

Position the free (top) leg 
in knee flexion and the 
other leg in knee 
extension. Alternate. 

Ankle/Foot 

Elevate for edema control. 
Use AFO to control 
inversion/ eversion. 

Position ankles in 90° of 
dorsiflexion. 

Position ankles in 90° of 
dorsiflexion. 

Position ankles in 90° 
of dorsiflexion with AFO. 
Elevate the free leg with 
a pillow to prevent 
pressure over the 
malleolus. If possible, 
alternate sides frequently. 

Anterior elbow burns 

Position in 15° flexion. If 
flexion contracture 
develops, position in 
extension using anterior 
orthosis. Midposition of 
supination/ pronation. 

Position elbows in 
extension when shoulders 
are not externally rotated. 

Position upper arm in 
extension. 


Each burned part of the body must be consid¬ 
ered when planning positioning. 

1. Ears: Pillows are removed. A foam donut or 
bandage positioning is used to prevent 
ear contact with the bed, (see Figure 10-34) 


pillows or tie tapes (see Figure 10-28). Irri¬ 
tation of ears increases the risk of chondri¬ 
tis. In the Kinaire (Kinetic Concepts) bed, 
horseshoe cutout pillows protect the ears 
and allow neck hyperextension simulta¬ 
neously. 
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Fig. 10-35. Shoulder positioning in bed, using felt slings, 
(a) Casualty placed at 90° to 120° of shoulder abduction 
and 15° forward rotation, using felt pressure-distribut¬ 
ing slings connected to weighted pulleys and over-the- 
bed suspension. Right shoulder at 90° abduction, and pa¬ 
tient moving left arm toward hip. (b) Nurse reposition¬ 
ing patient to reduce hip flexion. This will increase com¬ 
posite stretch while the right axillary contracture web is 
being stretched with over-the-bed traction . 




Fig. 10-36. Skin foam extremity suspension assembly. 
Note that the left hand is elevated on a wedge and MP 
flexion is preserved with elastic roll in palm. 


2. Nose: A foam face support with a cutout 
should be used when the person is prone. 
Wide tie tapes are used to widely distrib¬ 
ute pressure under the nose when nasal 
airways or feeding or gastrostomy tubes 
are being secured. These tubes may become 
a source for contamination and sinus infec¬ 
tions and therefore should be removed as 
soon as practical. 

3. Mouth: When the person is on a ventilator, 
the bite block safely positions the jaw and 
oral opening. 

4. Neck: 

• Bed: Neck extension may occur over a 
crescent cutout in the air flow cushion 
bed, a foam wedge cutout in the fluid¬ 
ized air flow bed, or a foam elevation 
wedge or short mattress with a regular 
bed (see Figures 10-30 and 10-34). 

• Sitting: A pillow behind the scapular area 
will allow neck extension in a recliner 
chair. 

5. Shoulder: 

• Bed: Slings to a weighted pulley and 
over-the-bed suspension traction support 
the shoulder at 90° to 120° of abduction 
and 15° forward rotation (Figure 10-35). 
An extremity suspension assembly, foam 
(Figure 10-36), or stockinet suspension to 
over-the-bed traction positions the arm 
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Fig. 10-37. Anticontracture sitting position. Foam wedges 
are secured to the bedside table. 


at 90° forward flexion or a foam arm el- 
evafion wedge posifions fhe shoulder in 
fhe mid posifion (see Figure 10-34). 

• Sitting: Deltoid aids, foam arm elevafion 
wedges secured fo chair armresfs or el- 
evafing fable's posifion (Figure 10-37) 
shoulder af 90° and elbow above hearf. 

• Sfanding: IV pole or overhead bar con- 
necfed fo a wheeled walker for elevafed 
arm posifion and shoulder flexion (see 
Figure 10-31). 

6. Elbow: The wedge posifions fhe elbow in 
supinafion and lacking 15° of exfension fo 
avoid fension on fhe brachioradialis muscle. 
If is useful for siffing or supine posifions. 
An IV pole, fracfion-fype bar, or over-fhe- 
bed bar is needed for sfanding. 

7. Wrisf: The wrisf is kepf in a neufral posi¬ 
fion if fhe hand is sfrapped info fhe eleva¬ 
fion wedge. If a bandage roll is placed info 
fhe palm, fhe wrisf is exfended abouf 15°. 
In bulky "Roberf Jones dressings" for over- 
fhe-bed suspension, fhe wrisf is posifioned 
in fhe mid posifion. Care musf be used fo 
allow Doppler moniforing of peripheral 
pulses. 

8. Hand: When fhe hand is fhe only burned 
area, pillow elevafion may be adequafe. An 
arm elevafion wedge (see Figures 10-30,10- 
34, and 10-37) wifh an elasfic wrap roll can 
preserve fhe firsf web space and decrease 
edema while profecfing fhe elbow and 


shoulder (see Figure 10-36). In fhe acufe 
phase, fhe fingers should be included in a 
bulky wrap fo prevenf impaired disfal cir- 
culafion. If bulky wrapping is nof used, fhe 
fingers should be wrapped separafely fo 
encourage mofion (Figure 10-38) and fhe 
arm should be elevafed. 

9. Hip: 

• Bed: The hip is besf posifioned in full ex¬ 
fension wifh 10° abducfion and no exfer- 
nal rofafion (see Figures 10-30 and 10-34). 
A frochanfer roll may be needed fo main- 
fain fhis posifion when fhe pafienf is su¬ 
pine. 

• Siffing: The hip should be posifioned in 
as much exfension as possible if fhe pa¬ 
fienf is in a recliner chair, alfernafing wifh 
flexion fo 90° unless fhis is confraindi- 
cafed because of cellulifis. 

• Sfanding: The pafienf should fully exfend 
fhe hip when walking, and hyperexfend 
fhe hip wifh a normal gaif pattern. 

10. Knee: 

• Bed: Knee exfension is fhe posifion rec¬ 
ommended for fhe majorify of fime. The 
"frog leg" posifion should be avoided fo 
prevenf peroneal palsy. When fhe pafienf 
is prone on fhe air-flow bed, fhis posi¬ 
fion is facilifafed by fucking fhe foes be- 
fween air flow cushions. For shorf peri¬ 
ods of fime, fhe knees may be flexed, as 
when fuming side fo side, or jusf by el- 
evafing fhe foof of fhe bed. 

• Siffing: The knee should be posifioned in 
full exfension, alfernafing wifh flexion fo 



Fig. 10-38. Fingers are wrapped separately in Sof-Kling. 
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90° unless this is contraindicated because 
of cellulitis. 

11. Feet and ankles: 

• Bed: The Kinaire (Kinetic Concepts) foot 
cushion is usually adequate unless neu¬ 
rological complications or inadequate an¬ 
algesia are causing plantar flexion (see 
Figure 10-30). A cufouf in a foam block 
makes pressure on burned soles of feef 
more comforfable and can be used for 
elevafion. A foof board can be helpful for 
ankle posifioning when fhe casually is 
supine. Ankle posifion for prone persons 
includes placing fhe foof over fhe end of 
fhe maffress or befween foam cushions 
in Kinaire beds. 

• Siffing: Feef will become edemafous if 
kepf dependenf for long periods. The 
ankle can be kepf af 90° by fhe back of a 
sfraighf chair, if a pillow is placed on fhe 
seal fo relieve pain and pressure over fhe 
calcaneus. 

12. Miscellaneous: Creafive use of slings, sand¬ 
bags, and sponge posifioning devices as- 
sisf in reducing edema and profecfing fhe 
healing wound. The ROHO (ROHO, Inc.) 
bed and wheelchair cushions can also be 
used creafively for posifioning. Af limes a 
chair may have fhe back replaced wifh a 
padded dowel fo allow air flow fo open 
wounds which are nof healing. 

Orthosis During the Acute Phase 

A splinf or orfhosis is an orfhopedic supporf of- 
fen used as an adjuncf fo posfburn anfigravify po¬ 
sifioning. Orfhoses are made of low femperafure 
fhermoplasfic, high femperafure plasfic, foam, plas- 
fer, elasfomer or silicone, mefal, molded leafher, 
wood, reinforced clofh, and any ofher maferial fo 
immobilize a body parf or redisfribufe pressure. An 
orfhosis fhaf has elasfic oufriggers or affachmenfs 
fo provide sfrefching or fo replace absenf funcfion 
is called a dynamic splinf. Sfafic splinfs are fitted 
fo individual body parfs of fhe burned person who 
is unconscious or is unable fo mainfain full AROM 
by posifioning and acfivify. The purpose of fhe 
orfhosis in fhis sfage of healing is fo immobilize an 
unsfable join!, prevenf formafion of nonfuncfional 
confracfures, keep ligamenfs in opfimal posifion, 
profecf exposed soff fissue or bone, or assisf wifh 
anfigravify posifioning. When anfigravify posifion¬ 
ing is unsuccessful in managing edema or range of 
mofion, an orfhosis is fitted. For fhe comatose or 


resisfive pafienf, orfhofics may profecf fhe healing 
wound. Confinuous mofion splinfs help reduce 
edema. However, splinfs never replace AROM ex¬ 
ercises. Resfing fhermoplasfic splinfs are offen cus¬ 
tom fiffed fo fhe burned person. Somefimes off-fhe- 
shelf splinfs such as LMB (Norfh Coasf Medical) 
foam wire posifioning orfhoses are prescribed. 
Whenever possible, acfive mofion replaces orfhof¬ 
ics as soon as possible for fhe opfimal oufcome.“ 

The indicafions and confraindicafions for splinf- 
ing and casfing can be displayed as an algorifhm 
(Figure 10-39). 

When evaluafing fhe need for an early hand 
orfhosis, fhe pafienf is asked fo exfend and abducf 
all fingers and fhumb wifh fhe wrisf in a neufral 
posifion. If fhere is lack of extension of fhe PIP and 
disfal inferphalangeal (DIP) joinfs (ie, early claw 
deformify), fhen a splinf may be needed. If fhis ex¬ 
tension lag does nof resolve in 4 days, a resfing 
orfhosis is definifely needed (Figure 10-40). Offen, 
finger extension froughs or foam extension wraps 
are used in addifion fo fhe resfing hand orfhosis 
(Figures 10-41 and 10-42). 

The inifial burn edema distends fhe loose, dor¬ 
sal hand skin, exerfing a force on all fhe joinfs, 
which is more exaggerafed if fhe hand is burned. 
This pulls fhe mefacarpophalangeal (MCP) joinfs info 
hyperexfension, fhe fhumb info adducfion parallel fo 
fhe second mefacarpal, and fhe inerphalangeal (IP) 
joinfs info flexion.® The fypical resfing hand splinf is 
discussed in fhe nexf paragraph. When fhe dorsal 
hand tendons or joinfs are exposed, however, fhe 
burned fingers are splinfed in extension fo prevenf 
fhe cenfral slip of fhe exfensor mechanism from be¬ 
ing fhinned or sfressed. When a rupfure of fhe ex¬ 
posed exfensor tendon occurs, fhe lateral bands of 
fhe mechanism slip pasf fhe fulcrum of fhe PIP joinf, 
fo become flexors. Over fime a boufonniere defor¬ 
mify forms, wifh fhe PIP joinf in flexion and fhe DIP 
joinf in hypertension.®'®^ (Figure 10-43) When fhe ex¬ 
fensor mechanism rupfures, fhe finger PIP joinf should 
be splinfed on slack in exfension and immobilized 
unfil fhe tendons are granulated, reepifhelialized, 
and sfable. This can fake up fo 6 weeks.®® Affer fhis 
immobilizafion, fhe finger can begin acfive mofion 
and gradually be sfrefched info as full flexion as 
possible. Exfension, fhrough fhe healed scar fissue, 
may be adequafe for mosf mofions. 

For a dorsal hand burn a lighfweighf fhermoplas¬ 
fic wrisf, hand, finger orfhosis (WHFO) is fabricafed 
in fhe following posifion®®'^® (see Figure 10-40). Wrisf 
exfension of abouf 20° prevenfs engorgemenf in fhe 
carpal funnel area, allows fhumb abducfion posi¬ 
fioning and prevenfs fenodesis acfion of MCP hy- 
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CONTRACTURE 


J 


Exercise is the best modality for contracture 
resolution. Orthotics assist exercise. 
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'If open area develops, remodel orthosis to relieve pressure. 

Fig. 10-39. Algorithm for use of orthotics or casts. 
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Fig. 10-40. Wrist, hand, finger orthosis for hand. Note that Fig. 10-41. Wrist, hand, and finger orthosis, secured with 
the arm is elevated on a foam wedge with arm cut-out. Kerlix wrap. 



Fig. 10-42. Finger wraps, (a) Coban wrap, (b) Tubiton Oedema sleeves, (c) Regular Tubiton size 01. (d) Tubiton on 
finger applicator, (e) Finger elastic wrap sleeve, (f) Expandover adhesive wrap, (g) Lois M. Barber (LMB) Velcro 
closure, (h) Open LMB finger wrap, (i) Else roll, (j) 2-inch elastic wrap. 
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Fig. 10-43. Boutonniere deformity. 


perextension, which occurs in wrist drop. Metacar¬ 
pophalangeal joints are flexed to 50° to 65° with the 
little finger flexed mosf, ring finger slightly less, 
progressing toward the index finger to accommo¬ 
date the ulnar hand mobility. At 90° or 45° MCP 
flexion, fhe cam acfion of fhe mefacarpal head al¬ 
lows shorfening of mosf of fhe fibers of fhe collaf- 
eral ligamenfs. In flexion, fhe cam acfion also lim- 
ifs mosf abducfion or adducfion of fhe fingers af 
fhe MCP joinf. MCP flexion, once losf, is very diffi- 
culf fo regain due fo complex hand anafomy. There¬ 
fore, fhe MCP joinfs are posifioned af about 55° flex¬ 
ion. The PIP and DIP joinfs are posifioned af 0° flex¬ 
ion, which has been described as the "safe" posi- 
fion or fhe "infrinsic plus" posifion. The laferal 
bands of fhe inferosseous muscles and especially 
lumbrical muscles (somefimes called oblique 
refinacular or "Landsmere's ligamenf"), which 
originafe from the lumbrical and finally atfach af 
fhe middle and ferminal phalanx, are on slack with 
the PIP joints extended. These may shorten and re¬ 
quire slow, prolonged stretching to allow flexing fhe 
proximal phalanges when fhe MCPs are exfended. 
The exfensor digiforum longus muscle musf be re¬ 
laxed to allow flexion af fhe PIP and DIP wifh ex¬ 
tension at the MCP joints. The hand bends at the 
midpalmar crease not at the junction of fhe finger 
wifh fhe palm. The splinf bend should fherefore be 
seen proximal fo fhe palmar crease. If if is impos¬ 
sible fo exfended fhe IPs and flex fhe MCPs on fhe 
palmar supporf of fhe orfhosis, fhe splinf MCPs are 
flexed too much given the edema and subsequent 
loss of mobilify. The palmar finger supporf should 
nof be wider fhan necessary fo supporf fhe fingers. 
If if is made too wide, PIP flexion can more readily 
occur when fhe orfhosis is secured. Sufficienf indi¬ 
vidual finger wraps af fhe disfal phalanx will pre- 


venf laferal finger decubifi. Full IP exfension is used 
for fhe early splinf. Full exfension pufs collaferal 
ligamenfs af the PIP joint on stretch. When the burn 
depth damages the dorsal hood mechanism of fhe 
finger and reconsfrucfion is nof possible, fhe hand 
is positioned in a "functional" position. In this case 
the functional position that is commonly recom¬ 
mended is 25° flexion of DIP joinf and 40° flexion 
af fhe PIP joinf. This allows funcfional opposifion 
fo fhe laferal finger fo fhe fhumb if MCP mofion of 
fhe fingers and thumb carpometacarpal motions are 
preserved. Kept in this functional position, either 
spontaneous joint fusion will occur if fhe carfilage 
has been desfroyed by fhe injury or sepfic joinfs or 
else fhe fingers will confracf fo fhis mosf funcfional 
posifion. Sponfaneous fusion wifh fhe joinf flexed 
more fhan 45° resulfs in a painful and nonfuncfional 
finger. If a mallef finger develops, fhe DIP joinf 
should be posifioned in hyperexfension and held 
fhere unfil fhe exfension lag resolves or for 6 weeks 
fo resfore fhe exfensor infegrify. 

The fhumb web space is besf preserved if fhe 
fhumb is posifioned 15° radially. In addifion, fhe 
fhumb MCP and IP are flexed 5° fo avoid hyperex¬ 
fension confracfures. The fhumb is fhen posifioned 
away from fhe palm as far as fhe hand will allow. 
This is fhe mosf opfimal posifion used to prevent 
burn deformity (Figure 10-44). This positioning is 
generally used for all burns, whefher circumferen- 
fial, palmar, or dorsal. If fhe burn is only palmar, a 
dorsal, "open palm" splinf may be used fo immo¬ 
bilize finger fips in exfension and mainfain a neu- 
fral wrisf posifion. This splinf musf be secured wifh 
a wrap fhaf supporfs circulafion in a gradienf man¬ 
ner from disfal fo proximal. Wrisf sfraps are never 
used. However, when healing is causing a confrac- 



Fig. 10-44. Classic burn claw deformity. 
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Fig. 10-45. Finger splint secured with external vascular support, (a) Finger pressure wraps. Note finger trough being 
held in patient's right hand, (b) Silicone finger trough secured with elastic tube. 


ture band in any specific direction, the splint is 
changed to stretch and put direct total contact pres¬ 
sure on that specific collagen band. Serial casting 
becomes the static modality of choice.Quick, 
easy off-the-shelf burn splints are advertised com¬ 
mercially but are rarely indicated. These rarely fit. 
They often block MCP flexion; the thumb web is 
not adequately radially abducted so the thumb web 
space is not maintained; the plastic is not adequately 
rolled away at the wrist, potentially impinging on 
the excised radial thumb area; and the plastic is of¬ 
ten not rolled away from the hypothenar area to 
allow proper relief. 

Early burn splints are secured with a bias gauze 
wrap such as Kerlix (Kendall Healthcare Products 
Co.) (see Figure 10-41) wrapped from the most dis¬ 
tal end to proximal in a gradient manner. Securing 
an early burn splint with straps is contraindicated 
since straps do not allow for changing edema, of¬ 
ten compromise circulation, and do not evenly dis¬ 
tribute pressure over the edematous extremity. Elas¬ 
tic wraps are rarely used in the early phase to se¬ 
cure an orthosis or to distribute pressure because 
the fragile epithelium can be damaged by nongra¬ 
dient wrapping. When a casualty says his elastic 
wrap, an orthosis, or Unna (ER Squibb & Sons) 
dressing is too tight, or if there is any pain or numb¬ 
ness in the wound or distal anatomy, he must be 
seen and the device removed, revised if necessary, 
and replaced. Ignoring a casualty's complaint that 
leads to a pressure sore or tissue loss of any kind is 
unacceptable. When redness or sores are observed 
by the physician, nurse, or patient, the therapist 
should be notified and a heat gun used to flare out 
an edge that is rubbing or bubble out an area that is 


creating too much pressure. Pressure areas can 
cause nerve damage or convert partial thickness 
skin injury to full thickness damage. Padding a pres¬ 
sure area only increases the pressure. When adjust¬ 
ments increase comfort, the casualty's concurrence 
for splint wear increases. Tape is rarely used on 
splints or to secure them because it becomes sticky 
when in contact with drainage or topical medica¬ 
tions, traps bacteria, may dislodge healing epithe¬ 
lium, and is difficult to clean. 

Digits begin to contract as hand wounds are heal¬ 
ing. Thermoplastic or silicone troughs may be ap¬ 
plied to fingers to decrease edema and straighten the 
joints (Figure 10-45). These may be worn in conjunc¬ 
tion with the resting hand splint. LMB (North Coast 
Medical) foam finger pressure wraps are another 
extension alternative. Interdigital web spacers of 
soft material such as Webril (Kendall Healthcare 
Products, Inc.) is often begun at this early stage if 
the webs are healed (Figure 10-46). Frequent splint 
readjustments are needed in this phase as the edema 
usually decreases rapidly with proper elevation. 

The Iowa City, Buckner Microstomia Prevention 
Appliance (MPA) can be used to provide prolonged 
horizontal stretch to the mouth overnight, for sev¬ 
eral 15-minute periods, or for hourly 5-minute pe¬ 
riods during the day (Figure 10-47). 

A custom formed foam sandal or the Parkland 
shoe^^ may also be needed for comfortable early 
ambulation. If foot drop is noted, an ankle foot 
orthosis (AFO) is often used as an adjunct to posi¬ 
tioning and ambulation to preserve ankle dorsiflex- 
ion. The foam off-the-shelf AFO is often adequate 
for ankle management if the calf is not unusually 
edematous or large. 
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Fig. 10-46. Isotoner gloves. Felt interdigital web spacers 
and individual Tubiton finger sleeves are worn under the 
Isotoner. 


Splint wearing schedules vary depending on the 
type of splint and the wound condition. An antide¬ 
formity positioning splint is usually worn 24 hours 
a day if edema is presenf, if fendons are exposed, 
when fhe casualfy is comatose, or is uncooperafive 
wifh exercise. As wounds heal, splinf wear is de¬ 
creased fo nighffime and resf periods so fhaf fhe 
casualfy may use his exfremifies during fhe day.®* 
When needed, funcfional splinfs are worn during 
fhe day fo facilifafe independenf daily living skills. 
These orfhoses are disconfinued as quickly as pos¬ 
sible fo prevenf dependence and quickly increase 
independence. The wearing schedules should be 
updafed daily by fhe fherapisfs and nursing sfaff 
and made available for fhe pafienf, family, and phy¬ 
sicians. Commercially available and commonly 
used orfhofic maferials are found in Table 10-4. 

Precaufions fo observe during orfhofic use in¬ 
clude moniforing fhe fif fo prevenf unnecessary 



Fig. 10-47. Iowa City Buckner Microstomia Prevention 
Appliance. 


pressure sores or discomfort to the casualty and 
observing protruding digits for circulation, motion, 
sensation, and temperature (CMST). If the digits 
are blue or purple and cold to the touch, or blanch 
and refill is impaired, the device is too tight and 
should be removed immediately. An additional 
precaution is observing the skin for any areas of 
breakdown caused by pressure from the device or 
friction from casualty's movement. When the ortho¬ 
sis is first used it should be checked within 2 hours. 
If the device is not causing any problems, the time 
can be increased gradually, but at a minimum, the 
skin needs to be inspected daily. If open areas 
are observed, a nonadherent contact layer such 
as Adaptic (Johnson & Johnson) or Xeroform 
(Chesebrough Ponds, Inc.) is used under the ortho¬ 
sis. Open areas often heal more rapidly under a cast, 
where the casualty and staff cannot disturb the frag¬ 
ile epithelium. However, ointments under a cast 
may slow reepithelialization, and, therefore, the use 
of antimicrobials must be discussed with the phy¬ 
sician. 

The deleterious effects of prolonged immobili¬ 
zation of the synovial joints demonstrated by nu¬ 
merous orthopedists,^® was the basis for the devel¬ 
opment of CPM machines. In 1988, over half the 
burn therapists participating in the OT/PT special 
interest group used CPM devices with their burn 
population® (Figure 10-48). There are two basic 
CPM designs: One is the anatomical design that 
moves the joint in an arc of motion as similar to 
actual anatomical movement as is possible with a 
machine. The other design is free linkage that pro¬ 
vides motion to adjacent body parts, such as the 
forearm, and allows the joint such as the elbow or 
shoulder to move as it is able. 

Anatomical motion is probably more comfortable 
for the patient. Most of the machines can be set to 
pause at the end range and resemble slow, pro¬ 
longed stretch. Machines may be portable, free¬ 
standing, or attached to a bed or chair. Those who 
are most likely to benefit from use of CPM in addi¬ 
tion to customary physical and occupational 
therapy include individuals who have burns involv¬ 
ing multiple joints; comatose patients; and patients 
who refuse active motion because of pain, swell¬ 
ing, or anxiety. There are many brands of CPM 
machines and one is usually rented from a medical 
supply provider for use a month at a time. 

The hand CPM device is effective in restoring 
hand range-of-motion when supervised by an ex¬ 
perienced therapist. It does not damage skin grafts 
or newly healed tissue and the pain experienced is 
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TABLE 10-4 

COMMONLY USED ORTHOTIC MATERIALS 


Commercial Name 

Usage 

Polyform 

Conforms perfectly to all indentations and projections in "hard to mold" areas such as the 
thumb. Works best for gravity assisted positions because of its draping ability. Splints 
must be placed in exactly the same position each application because of comformability. 
Conformability keeps splint from applying pressure over a scar. Cannot be remodeled. 

Ezeform 

Does not conform to body parts as exactly as polyform. Drapes well for both gravity and 
antigravity positions, but is more stretchy. Can be heated and remolded easily. Good for 
hand or wrist based splints that may require frequent readjustments. Because it is a rigid 
material, it is stable during a prolonged stretch. 

Orthoplast 

Best for large splints as it doesn't drape or overstretch. Can be applied to the extremity 
with an elastic wrap. Good for axillary conformers, ankle foot orthoses, or elbow splints. 

Polyflex 

Good for circumferential splints such as the elbow hinge splint because it is flexible and 
has some memory, making it easier to remove from the extremity. 

Aquaplast 

Good for small finger splints because it is light, durable, and thin. 

Fiberglass 

Light, strong, good for walking casts or casts which will need strength. Does not conform 
well to small digits or scars. Makes very little mess, sets up fast, and is durable. Rolls 
come in various widths so can be used for small and large casts. 

Plaster strips or rolls 

Drips when mixed with water. Allows more time to mold the cast properly because it sets 
up slower than fiberglass. Plaster casts are heavy. 



Fig. 10-48. Continuous passive motion 
machine during acute phase. Patient si¬ 
multaneously using right shoulder, left el¬ 
bow, and right knee devices. 
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Fig. 10-49. Hand CPM device during acute phase. An 
Isotoner glove with Velcro strips is used to secure fin¬ 
gers. 

the same as that with conventional hand stretching 
and exercise therapy^® (Figure 10-49). Present mod¬ 
els that include the thumb are difficult to position 
in a way that the thumb does not rub against the 
index finger. Finger mofion alone is adequafe fo 
decrease hand edema. Adapfafions can be made fo 
block MCP or PIP mofion and some splinfs can be 
used over fhe dorsum of fhe hand fo achieve im¬ 
proved composife MCP and IP flexion. 

One model of fhe shoulder CPM fhaf affaches fo 
fhe bed and moves fhe shoulder fhrough 180° of 
flexion is helpful in prevenfing axillary scar bands, 
as well as in nourishing fhe shoulder joinf carfilage. 
Anofher model moves fhe shoulder in a figure-8 
paffern when fhe pafienf sifs in a special chair buf 
does nof move fhe shoulder joinf beyond 100° of 
flexion (see Figure 10-48). Ofher brands move fhe 
wrisf up a bar fo increase shoulder range and al¬ 
low ambulafion while wearing fhe device. 

The elbow CPM can be sef for low load sfrefch- 
ing and aufo reverse, so fhere is liffle risk of frauma. 
The mobilify of elbow flexion and exfension (see 
Figure 10-48) as well as pronafion and supinafion 
can be addressed. When sef for genfle mofion, fhis 
device should nof cause heferofopic ossificafion. 

Knee CPM machines used during resf periods 
also provide improved mofion af fhe ankle and hip 
(see Figure 10-48). These CPMs are useful unfil 
ambulafion is possible, or longer, if joinfs are resis- 
fanf fo confracfure reducfion. 

Functional Activities and Adaptive Equipment 
During Rehabilitation 

General considerations. Parficipafion in fhe func- 
fional acfivifies of daily living (ADL) (daily living 
skills) is a very imporfanf aspecf in fhe rehabilifa- 
fion of fhe burn casualfy.^^ Daily living skills include 


mobilify, self-care managemenf of environmenfal 
hardware and devices, communicafion, and home 
managemenf acfivifies. These major classificafions 
are furfher defined as follows: (a) mobilify includes 
movemenf in bed, wheelchair mobilify and frans- 
fers, indoor ambulafion wifh special equipmenf, 
oufdoor ambulafion wifh special equipmenf, and 
managemenf of public or privafe fransporfafion; (b) 
self-care includes feeding, bafhing, foilefing, groom¬ 
ing, and dressing acfivifies; (c) managemenf of en¬ 
vironmenfal hardware and devices includes fhe 
abilify fo use felephones, doors, faucefs, lighf 
swifches, scissors, keys, windows, and sfreef con- 
frol signals; (d) communicafion skills include fhe 
abilify fo wrife; operafe a personal compufer; read; 
fype; or use fhe felephone, a fape recorder, or a spe¬ 
cial communicafions device; and (e) home manage¬ 
menf acfivifies include markefing; meal planning 
and preparafion; cleaning; laundry; child care; and 
operafing household appliances, such as vacuum 
cleaners, can openers, ranges, refrigerators, elecfric 
mixers, and hand operafed ufensils.^® 

There are numerous benefifs gained from fhe in- 
dependenf performance of funcfional fasks and ac¬ 
fivifies. Physical benefifs include improving range- 
of-mofion, fine mofor dexferify, and overall endur¬ 
ance. The psychologic benefifs include feelings of 
self-reliance, improved self-esfeem, and more posi- 
five feelings regarding fhe fufure. Early involve- 
menf of fhe individual in fhe planning and imple- 
menfafion of funcfional acfivifies allows fhe casu- 
alfy fo more easily resume life roles and decreases 
posffraumafic disabilify lafer. Independenf perfor¬ 
mance of ADL hasfens fhe discharge from fhe hos- 
pifal fo home or a less supervised selling. 

Several factors can influence fhe overall oufcome 
of a funcfional acfivify program. These facfors in¬ 
clude medical sfafus (percenf of TBSA, degree and 
locafion of burns); age; degree of cooperafion and 
mofivafion; premorbid physical, psychological, 
educafional, infellecfual, economic, and funcfional 
sfafus; and social resources. Addifional facfors fhaf 
impacf independenf living include memory loss 
from medicafion, pain or severify of illness, cogni- 
five changes due fo anoxia or accompanying head 
injury, preburn or medicafion-induced impaired 
judgmenf, depression, and pain. Successful pro¬ 
grams involve fhe casually and family wifh priori- 
fizafion, goal selling, and problem solving for ac¬ 
complishing funcfional acfivifies. 

Funcfional acfivify performance can be analyzed 
in ferms of independence, speed of performance, 
and safely facfors when considering how a casu¬ 
ally accomplishes fasks. Independence in daily liv- 
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ing skills can be achieved in a number of ways. 
Burned soldiers need to perform daily living skills 
without adaptive equipment, using repetitions to 
achieve improved strength and endurance. When 
adaptive equipment is used in the earliest phase of 
rehabilitation, it should be discontinued as soon as 
possible. Recommendations for usage of adaptive 
equipment, alteration of the task, employment of 
adaptive techniques, or modification of the envi¬ 
ronment are provided as appropriate by OTs. 

Functional Activities and Adaptive Equipment 
During the Acute Phase 

Precautions to observe during the acute stage 
include maintenance of good skin integrity; pres¬ 
ervation of exposed tendons; prevention of edema 
in dependent extremities; avoidance of increased 
shoulder, elbow, and hand contractures from using 
adapted equipment; and prevention of pain exac¬ 
erbation. 

Self-feeding is encouraged despite hand burns. 
Often, conventional silverware with an elastic roll 
to enlarge the handle, if needed because dorsal hand 
tendons are exposed, and an elevated table are ad¬ 
equate to encourage self-feeding (Figure 10-50). 
Adaptations for self-care are discontinued as soon 
as possible to avoid dependence and to increase 
hand and upper extremity range of motion. How¬ 
ever, adaptive equipment facilitates self-feeding for 
the casualty in need of it, such as one who is burned 
more than 70% or an electrical burn at the acute 
stage of burn rehabilitation. Adaptive feeding de- 



Fig. 10-50. Encourage independence in self-feeding with¬ 
out adaptive equipment. Here the casualty is using an 
elevated table. 



Fig. 10-51. Adaptive feeding utensil: a built up handle. 
Dycem is used on the table top to create a nonskid surface. 

vices include long handled silverware, utensils with 
built-up handles (Figure 10-51), and a universal cuff 
for a utensil, or a roto cuff with utensils. Universal 
cuffs with Velcro or D-ring attachments allow in¬ 
dependent application. Expanded universal cuffs 
can be fabricated for bulky dressings, casts, or 
splints. For the individual with severe limitations 
of motion, additional devices such as bent-angled 
silverware are available to use if wrist radial de¬ 
viation is permanently limited. Utensils with exten¬ 
sions can replace mobility of the trunk or neck as 
well as decreased shoulder or elbow flexion. Uten¬ 
sils with a swivel attachment (Figure 10-52) and 
utensils with horizontal handles replace forearm 
supination. Vertical handles can be used when the 
forearm is fixed for midposition. A rocker knife can 
be used for cutting when a person is permanently 
unable to use one hand. 

The following are a variety of aids for drinking: 
a long straw held in place by a straw clip (Figure 
10-53), adaptive mugs and glasses, easy grip mugs 
with protruding handles, glasses with a cutout area 
by the nose, and bilateral glass holders. Sealed mugs 
are also helpful when a casualty lacks hand con¬ 
trol. If a tremor is present, a weighted mug can be 
used. In cases when there are inhalation injuries 
resulting in swallowing difficulties, vacuum flow 
suction mugs can control the rate at which liquid is 
released to prevent choking. 
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Fig. 10-52. Adaptive feeding utensil: a swivel attachment. 
This is the same table shown in Fig. 10-51 with a Dycem 
nonskid surface. 

There are several types of adaptive equipment 
that are used for stabilization when a casualty has 
the use of only one hand. Dycem (Dycem Inc.) is a 
nonskid surface that prevents a plate or bowl from 
slipping when placed on it (see Figures 10-51, 10- 
52, and 10-53). Scoop dishes or plate guards at- 



Fig. 10-53. Adaptive drinking utensil: a long straw. Again 
Dycem is used to create a nonskid surface 


tached to plates provide stability for utensil usage 
when only one hand is available for self-feeding. 

Grooming is another self-care activity that can 
be performed early. Oral care and hair brushing and 
combing are initiated when bathroom privileges 
begin. Although rarely needed, a built-up handle 
or universal cuff can compensate for the decreased 
ability to grasp the toothbrush. A temporary ex¬ 
tended handle can ease teeth brushing while range- 
of-motion improves. Toothpaste tube squeezers are 
available if fine motor dexterity is limited. Denture 
brushes with suction cups are useful when only one 
hand is functional. 

Hair brushes and combs can also be adapted with 
built-up handles and universal cuffs. Extended 
handles (straight or bent-angled) are useful when 
shoulder flexion or shoulder external rotation or 
both are lacking. 

Communication is a functional activity that is 
very important in all phases of rehabilitation. This 
is a broad category that includes expression, read¬ 
ing, use of environmental controls, writing, and 
telephone and typewriter/computer usage. Large 
button, programmable phones can be adapted to 
have a speaker, allowing early independent tele¬ 
phone use. Because telephone usage keeps burn ca¬ 
sualties in touch with their support systems, adap¬ 
tations are requested early. A goose neck adjustable 
phone holder allows a person to speak and hear 
without holding the telephone. The goose neck 
holder affords more privacy than the speaker 
phone. There are special phone holders for weak 
grasp. A phone flipper is a lever that can be added 
to the base of the telephone to activate the connec¬ 
tion button if a casualty cannot depress the button. 
This can be operated by hand or by mouthstick. 
Another type of phone adaptation is a touch-tone 
phone adapter. This is a device that enlarges regu¬ 
lar push buttons. It can be operated by a very light 
touch. 

In the acute phase of rehabilitation, expression 
assists the casualty to interact with others in the en¬ 
vironment and decreases fear and frustration. In 
severe burn cases, a casualty may be intubated, ven¬ 
tilator dependent, and unable to speak. If there is 
prolonged exposure to smoke inhalation, vocal cord 
injuries can result and speech can be unintelligible 
or contraindicated. Communication boards com¬ 
posed of letters, pictures, body maps, words, or 
complete sentences can be used to convey thoughts 
if the casualty can point. There are also sophisti¬ 
cated communication devices such as the Voicaid 
or Prentke Romich Touch Talker or Light Talker 
(Prentke Romich Co.) that have voice outputs. These 
can be operated by touch or by a light-activated 
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beam. However, casualties are often too ill or medi¬ 
cated to use complicated communication devices. 

There are a great number of environmenfal con- 
frols fhaf can be adapfed for independenf usage. 
Call lighfs, bed confrols, lighfs, and ofher appliances 
can be operafed by environmenfal confrol sysfems. 
Environmenfal confrols are available in a wide va- 
riefy of swifching sysfems wifh specific mounfing 
devices. Examples of swifches are fhe basic plafe, 
lighf fouch plafe, air cushion, rocker swifch, foof 
swifch, wobble swifch, sip and puff confrol, and fhe 
joysfick. (The same swifch and inpuf device mefhod 
can also be used fo operafe a communicafion de¬ 
vice, compufer, or elecfric wheelchair in ofher 
phases of rehabilifafion.) The swifches can be spe¬ 
cially ordered from companies such as TASH 
(Prenfke Romich Co.) or can be purchased from 
Radio Shack. 

Reading can be a very imporfanf funcfional ex¬ 
ercise when a casually is confined fo fhe bed (Fig¬ 
ure 10-54). There are several fypes of book and 
magazine sfands available if needed. Bed readers, 
posifioned slighfly overhead, are useful when an 
alerf person musf slay in supine posifioning. A 
prone person can use a floor sfand or music sfand 
wifh pages sfabilized by clofhespins. Book sfands, 
heighf and angle adjusfable, clamped fo a bedside 



Fig. 10-54. Reading for recreation and exercise. The ca¬ 
sualty is able to read by using a reading stand. 


table or headboard provide optimal positioning. 
Books or magazines can be placed on a foam wedge. 
Book sfands wifh aufomafic page furners or a 
moufhsfick can be used if a casually is unable fo 
furn pages independenfly. Prism glasses allow a 
person fo look down af pages fo read while fhe head 
is posifioned forward, in cases of preexisfing visual 
acuify deficifs, a variefy of magnifiers can be used 
in addifion fo large prinf books. 

Wrifing is anofher imporfanf self-care acfivify 
fhaf can be performed in early sfages of burn reha¬ 
bilifafion. Pen and pencil holders are useful fem- 
porary adapfafions when a casualfy's abilify fo 
grasp or pinch is decreased. Builf-up foam handles 
or plasfic easy grip adapfers lacilifafe holding fhe 
pen. Special splinfs or adapfive wrifing ufensils can 
be fabricafed ouf of fhermoplasfic maferials, or com¬ 
mercially available splinfs can be obfained fo cus¬ 
tomize wrifing devices. A clipboard can be used fo 
sfabilize fhe paper when fhe nondominanf hand is 
unable fo hold fhe paper sfeady for wrifing. A wrif¬ 
ing device attached fo a moufhsfick can be used if 
bofh hands are nonfuncfional for wrifing. 

Pain Management in Burn Patients 

Pain is purely subjecfive, difficulf fo define, and 
offen difficulf fo describe or inferpref. If is defined 
as an unpleasanf sensory and emofional response 
fo a sfimulus associafed wifh acfual or pofenfial fis- 
sue damage.If is a mulfifacefed experience ex¬ 
tensively influenced by anxiefy, depression, and 
expecfafion. 

Acute pain is a biological sympfom of an appar- 
enf nocicepfive sfimulus, such as acute fissue dam¬ 
age or frauma. If lasfs as long as fhe fissue pafhol- 
ogy lasfs, is generally self-limifing, and as fhe noci¬ 
cepfive sfimulus lessens, fhe pain decreases. Acute 
pain means fhaf fhe pafienf's pain seems fo mafch 
in fime wifh whaf one knows abouf his injury. A 
pafienf wifh severe burns may have pain fhaf lasfs 
for monfhs, and by examinafion of fhe pafienf's skin 
fhere is sfill evidence of fissue damage. Therefore, 
he is sfill having acute pain. The real differenfia- 
fion befween acufe and chronic pain is whefher fhe 
pafienf's complainfs can be mafched fo fhe under- 
sfanding of mechanisms of fissue damage, nof fhe 
acfual durafion of fhe pain.®^ Everyone has experi¬ 
enced a burn from a hof skillef or hof wafer, so one 
can only imagine fhe pain caused by a major burn.®^ 
Burn pain has been found fo correlate wifh depfh 
of burn and locafion buf nof fhe severify or exfenf. 
Also, if is well known fhaf burn pain severify can 
nof be predicfed on fhe basis of age, gender, efhnic- 
ify, educafion, occupafion, hisfory of drug or alco- 
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hoi abuse, or psychiatric illness.®^ Nurses have been 
shown to administer analgesics in less than the 
maximum allowed dosage and yet complain that 
the physician is not prescribing adequate analgesia.®^ 
Nurses have both overestimated and underestimated 
the patient's pain, and have a tendency to overesti¬ 
mate the degree of pain relief from medications given. 
Emphasis has been placed on the implementation of 
sysfematic procedures fo assess pain.®^ 

The goal of pain treafmenf is fo fry fo eliminafe 
pain. However, fo abolish pain wifhout producing 
side effecfs is difficulf if nof impossible fo accom¬ 
plish. The successful rehabilifafion of a burn casu- 
alfy depends on active parficipafion of fhe person 
in fhe freafmenf program. The casualfy musf be rela¬ 
tively comforfable, fhaf is fo say, his pain musf be 
af a folerable level if fhe needed acfive parficipa¬ 
fion is fo be achieved. Yef fhe mosf infense pain does 
not relate as much to the burn injury itself as if does 
fo fhe "frauma" caused by fhe fherapeufic proce¬ 
dures. When pafienfs are af resf, fhe pain may be 
relafively mild on fhe average. In confrasf, when 
fhe casualfy undergoes fherapeufic procedures, sig- 
nificanfly more pain is experienced and ifs infen- 
sify can reach exfremely high levels.*® Also, fhe pain 
experienced does nof necessarily lessen over time. 
Sfudies have shown no correlation befween pa¬ 
fienfs' self-reporfed burn pain scores and fhe 
elapsed time since injury. Alfhough fhere is an in- 
ferrelafionship befween depression, anxiefy, and 
pain, if has been demonsfrafed*® fhaf, in burn pa¬ 
fienfs, high levels of anxiefy did not necessarily 
associate with high pain scores during therapeutic 
procedures. 

The pain management should therefore address 
fhe background level of pain as well as fhe break- 
fhrough or procedural pain. The goal should be a 
folerable level of discomforf and acfive parficipa¬ 
fion of fhe casualfy in fhe rehabilifafion program. 

In considering fhe prescription of analgesics, fhe 
physician should consider fhe durafion of acfion, 
fhe roufe of adminisfrafion, and fhe dosing sched¬ 
ule. Morphine is fhe sfandard drug againsf which 
all ofher analgesics are measured. No ofher opioid 
has been shown fo be superior fo morphine in an¬ 
algesic effecf. All opioids can be adminisfered 
parenferally, orally, or reef ally. Fenfanyl ([Fenfaugh] 
Janssen Pharmaceuticals Inc.) can be adminisfered 
fransdermally as a 72-hour skin pafeh. Parenferally 
adminisfered opioids have 100% bioavailabilify, 
while oral bioavailabilify varies befween 15% fo 
25% for morphine and 69% for codeine, mefhadone, 
and oxycodone. Also, fhe liver mefabolism varies 
considerably in fhe burn pafienf as his acufe medi¬ 


cal managemenf proceeds. There is correlation be¬ 
fween plasma morphine levels and pain relief and 
fhere is no known reason fo nof use opioids in ap- 
propriafe dosage schedules in burn pafienfs fo con- 
frol pain.*® The half-life of morphine oral solution 
was found fo be 3 hours, while fhe half-life of M.S. 
Confin (Purdue Fredrick Co.) was 14.7 hours. Time 
to peak levels of morphine sulfafe was 30 minufes, 
and 1.4 hours for M.S. Confin. Therefore, break- 
fhrough or procedural pain may be confrolled wifh 
rapid release oral morphine, and susfained release 
morphine is a good choice in fhe managemenf of 
the background pain in burn patients on an 8- to 
12-hour dosage schedule.*® When pain control dur¬ 
ing the acute phase is inadequate, the experience is 
unnecessarily traumatic, with psychological and 
physical difficulties later. Even after the pain is 
eventually controlled, the patient has been condi¬ 
tioned to diminish effort and movement and, there¬ 
fore, exercise and repefifive movemenf crucial fo 
maximum funefion is nof achieved.*^ 

Anxiolytic therapy, in addition to analgesics, may 
well help the burn casualty attain a satisfactory 
comfort level. Benzodiazepines are the drug of 
choice for fhis managemenf. The aim of sedation is 
fo reduce resflessness, anxiefy, and fear. The use of 
benzodiazepines in conjunefion wifh morphine is 
more effective in confrolling pain and anxiefy fhen 
using one agenf alone. Versed ([Midazolzam] Roche 
Laborafories) has a rapid onsef of anxiolysis and 
amnesia and is gaining popularify for acufe burn 
procedures. In fhe elderly if should be used cau¬ 
tiously. Cardiovascular moniforing is suggesfed 
inifially since if can cause cardiac arrhyfhmias (and 
respirafory arresf). Infranasal adminisfrafion is pos¬ 
sible because of ifs neufral pH and absorpfion across 
the nasal mucosa. 

Inhalation analgesics have been shown to be very 
effective and safe in a large series of more fhan 800 
pafienfs during more fhan 1,400 freafmenfs wifh less 
fhan 5% side effecfs in fhe pafienfs and no long ferm 
side effecfs fo pafienfs or sfaff.** During fhe acufe 
phase, if the patient is on a respirator, depression of 
fhe respirafory confer is less of a concern and more 
analgesia can be given af fimes fo allow folerable lev¬ 
els of discomforf during rehabilifafive fherapeufics. 

Hypnosis wifh burn cases has been reporfed as 
effeefive in some pafienfs with reports dating to 
1965.*^ The studies are difficult to control since other 
treatments such as analgesics are used simulta¬ 
neously; however, most report hypnosis as a useful 
adjunctive freafmenf. The confraindicafions fo hyp¬ 
nosis are {a) if fhe pafienf is nof inferesfed in if, and 
(b) if fhe pafienf has a large secondary gain compo- 
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nent to pain.®® The person administering the hyp¬ 
nosis must know the patient's allergy history to 
avoid stimulating allergic reactions during sugges¬ 
tion. Relaxation techniques and self-imagery are at 
times very helpful as an adjuncf fo rehabilifafion 
procedures and are recommended since adverse 
side effecfs are almosf nonexisfenf. Group and in¬ 
dividual psychotherapy is also effective in reduc¬ 
ing pain behavior in some patients. Individual psy¬ 
chotherapy is needed more commonly in patients 
with previous maladaptive behavior.®^ 

Use of franscufaneous elecfric nerve sfimulafion 
(TENS) has been affempfed in burn pafienfs. There 
is af leasf one confrolled sfudy®“ of convenfional 
TENS being as effecfive as morphine in fhe acufe 
sfage of burn care during Travase debridement. In 
general, the burn injury and the pain would need 
to be quite localized for fhis freafmenf fo be effec¬ 
five and, fherefore, if is used only occasionally. 
There is one reporf®^ of effecfive use of TENS as 
auricular acupuncfure fo reduce pain in burn pa¬ 
fienfs wifh less fhan 35% TBSA burn. Since fhe side 
effecf of TENS is limifed primarily fo skin rash, fhis 
freafment modalify should be furfher invesfigafed 
and ufilized when fhe conditions so indicate. 

Psychosocial Aspects of Bums During the Acute Phase 

Intervention to diminish maladaptive emotional 
reactions of burn casualfies is an imporfanf aspecf 
of burn freafmenf. Adjusfmenf fo fhe burn injury is 
influenced by fhe severify of fhe burn, locafion of 
fhe burn, age, sex, preinjury psychosocial sfabilify, 
educafional sfafus, hospifal and outpafienf treaf- 
menf environmenf, and by communify and family 
supporf sysfems.®^ The burn casualfy's abilify fo 
cope wifh the stresses of his sifuafion are influenced 
by his pasf experiences and by fhe awareness, un- 
dersfanding, anficipafion, and response of fhe team 
managing his care. 

Burns sustained during a combat situation are 
usually accompanied by the psychological effects 
of baffle sfress. Multiple other physical agent 
wounds may be experienced at the same time. The 
depth of the wound as well as the location will de¬ 
termine whether the casualty will return to duty or 
be evacuated. A nonbattle burn injury may be the 
result of accidenfs secondary to battle stress condi¬ 
tions that reduce performance, making fhe soldier 
vulnerable fo injury.®® Sleep loss is one of fhe mosf 
significanf confribufing factors fo nonbaffle injury. 
When under sfress, fhe soldier's menfal abilifies are 
affecfed, including alerfness, affenfion fo defails, 
perception, reasoning and comprehension, memory. 


motor responses, communication, self-control, and 
interpersonal relations. Soldiers with minor burn 
injuries, especially if separafed from their units and 
treated in the rear, have psychological reactions that 
retard their recovery unless they are also treated 
with the same intervention provided for a baffle 
sfress casualfy.®^ Shock, numbness, and defachmenf 
are commonly nofed af fhe time of injury, which 
profecfs fhe person while he collecfs emofional re¬ 
sources fo cope wifh fhe injury. 

The principles of battle fafigue prevenfion are 
faughf fo prepare soldiers who will face fhe sfress 
of baffle and, if burned, fhe addifional sfress of in¬ 
jury. The roufine fraining of soldiers in sfress con- 
frol principles, including rapid relaxafion fech- 
niques, is valuable in fhe evenf of a burn injury. 
Coping wifh the stress of baffle involves balancing 
internal reactions to meet and overcome external 
stressors. When the external stressors of susfained 
bafflefield condifions cannof be removed, fhe sol¬ 
dier musf learn fo use sfress reducing sfrafegies fo 
cope. These techniques are faughf by leaders and 
pracficed wifh fhe use of fhe buddy sysfem fo rein¬ 
force learning. In fhe evenf of injury, fhe soldier's 
mind-sef for recovery may be positively affected by 
what leaders and buddies say and do.®® 

The mental health section at the unit level can 
provide support that focuses on mild and moder- 
afe battle fafigue and burns such fhaf fhe soldier 
can refurn to duty. For the minor burn injury of less 
fhan 1% TBSA, in which refurn fo dufy will occur 
as soon as fhe wound heals, fhe soldier needs fo be 
freafed using fhe principles of proximify, imme¬ 
diacy, and expecfancy. Keeping fhe soldier as close 
fo fhe acfion as possible reinforces his idenfify as a 
soldier, rafher than a casualty. The farther away the 
soldier is from his primary group, fhe more diffi- 
culf if is fo have him refurn fo normal dufy. Imme¬ 
diacy is imporfanf in helping fhe soldier fo cope 
wifh fhe sifuafion as early as possible and to iden¬ 
tify baffle fafigue symptoms as they appear. Expect¬ 
ancy means to expect the soldier to return to nor¬ 
mal duty where his comrades need him. Treatment 
using the principle of expecfancy is appropriafe nof 
only for fhe soldier refurning fo dufy within a short 
recuperation time, but also for fhe soldier who will 
require exfensive burn rehabilifafion. 

For fhe soldier with severe enough burns to be 
evacuated, early psychological intervention and 
support is a key factor in obtaining motivation and 
cooperation with treatment. The burn casualty will 
be separated from his unif and does nof have ready 
access fo family or friends for psychological sup¬ 
port. An important role of fhe freafmenf feam af all 


623 


Rehabilitation of the Injured Combatant. Volume 2 


echelons includes providing emotional support and 
reassurance to reduce the anxiety and fear experi¬ 
enced by the soldier. The evacuation team provides 
ongoing orientation information, including calling 
the soldier by name. Part of fhe chaplain's mission 
is fo provide comforf, assurance, and encourage- 
menf fo fhe soldier. The provision of posifive affir- 
mafions and encouragemenf even during inifial 
delirium reinforces his infernal will fo live.®*’ The 
speed of physical recovery may be affecfed by fhe 
early emofional adjusfmenf fo an acufe burn.®^ This 
adjusfmenf is facilifafed by keeping fhe soldier in¬ 
formed abouf whaf is happening fo him. Providing 
preparatory informafion prior fo infervenfion pro¬ 
cedures and encouraging fhe use of simple relax- 
afion fechniques during freafmenfs confribufe fo 
emofional well-being and abilify fo folerafe pain 
during fhis acufe sfage. If is imporfanf fo repeaf 
insfrucfions, provide frequenf orienfafion, and if 
possible, allow verbalizafion of fears. 

The immediafe reacfion of a massive burn casu- 
alfy includes psychological shock. This reacfion 
usually lasfs a shorf fime and may involve disori- 
enfafion delirium, emofional insfabilify and labil- 
ify, and sleeping problems wifh nighfmares of be¬ 
ing burned.®^ Fear and anxiefy also accompany fhe 
inifial parf of fhe acufe phase of burn recovery. The 
soldier should be allowed fo express his fears re¬ 
garding deafh. These fears should be mef wifh a 
realify orienfed response regarding his chance of 
survival.®® Behavioral manifesfafions, such as in¬ 
creased sfarfle response, difficulfy in concenfrafing 
or following insfrucfions, wifhdrawal, resisfance fo 
freafmenf, overf hosfilify, or ofher inappropriafe 
behavior, are offen nofed immediafely affer fhe 
burn.®® The burned soldier may or may nof realisfi- 
cally perceive a major fhreaf fo his survival. Infor¬ 
mafion regarding fhe seriousness of fhe burn is 
given, if possible, before pain medicafions cloud 
awareness. 

Treafmenf feam members need fo obfain infor¬ 
mafion regarding fhe soldier's background, infer- 
esfs, personalify, and family and unif relafionships. 
This informafion is useful in developing a plan fo 
deal wifh fhe immediafe psychological responses 
as well as approaches fhaf will be mosf effecfive in 
helping him cope wifh a prolonged, rigorous recov¬ 
ery. The early inclusion of fhe family in fhe reha- 
bilifafion process is very imporfanf fo fhe adjusf¬ 
menf of fhe soldier and family. The Red Cross may 
be helpful in relaying informafion befween fhe sol¬ 
dier and his family while fhey are separated as well 
as assisfing fhe family in securing quarfers near fhe 
medical freafmenf facilify fhaf fhe soldier refurns 


fo for freafmenf. Infacf and supporfive families have 
been influenfial in successful long-term psychoso¬ 
cial adjusfmenf of survivors of severe burn injury.^®® 
Family members may be inferviewed by fhe social 
worker, nurse specialisf, psychologisf, psychiafrisf, 
or chaplain fo gef an accurafe hisfory of fhe 
casualfy's preburn personalify, coping sfyles, and 
reacfions. This will add fo fhe informafion from fhe 
soldier fo facilifafe developmenf of sfrafegies in 
managing fhe rehabilifafive care of fhe casualfy. 

If is imporfanf fo involve fhe family in a supporf 
group and provide educafional classes fo inform 
fhem abouf burn injuries and freafmenf. Through 
inferacfions in fhe group, family members have fhe 
opporfunify fo learn from one anofher and supporf 
each ofher. Family members are offen responsible 
for immediafe communicafion wifh girlfriends, boy¬ 
friends, and communify groups or churches. Fam¬ 
ily and friends af home can provide significanf sup¬ 
porf and focus foward fhe fufure by leffer wrifing 
and mainfaining posifive confacfs wifh fhe burned 
soldier. 

Following fhe resolufion of fhe inifial shock of 
fhe burn incidenf, fhe casualfy becomes more aware 
of fhe impacf of his burn. Orienfafion improves and 
survival anxiefy diminishes. Thoughfs are more 
focused on concerns abouf oneself, including fhe 
effecfs of changed appearance and altered funcfion 
or life-sfyle. The soldier's preburn physical, emo¬ 
fional, infellecfual, social, and spirifual nafure pro¬ 
vide his inifial coping skills. Addifional skills are 
usually needed. Psychologisfs, social workers, or 
chaplains help fhe casualfy fo focus on regaining 
as much confrol as possible and in redefining fhe 
meaning of fhe accidenf, desensifizafion from fhe 
reminders of fhe injury, dealing wifh sfress in a 
posifive way,^“^ and in gradually accepfing loss and 
frauma as a maffer-of-facf parf of fhe pasf. "Gef- 
fing fheir feelings ouf" is discouraged^® fo preserve 
fragile buf useful coping mechanisms, including 
denial.^® Adequate pain confrol, correcfion of sleep 
disfurbances, decreasing fhe fear of long-ferm con¬ 
sequences, and cooperafion wifh fhe burn feam be¬ 
come crucial for opfimal oufcome.®^ Numerous in- 
fervenfions are appropriafe and may include (a) 
providing as much physical comforf for fhe casu¬ 
alfy as possible; (b) providing ongoing orienfafion 
informafion including calling fhe soldier by name; 
(c) menfioning fhe dafe and fime of day; (d) pro¬ 
viding explanafions abouf fhe procedures fhaf are 
being used, even if fhe casualfy is comatose; (e) pro¬ 
viding relaxafion framing affer orienfafion is esfab- 
lished; (f) providing roufine for bafhing fime, exer¬ 
cise, and meal fimes fo decrease unexpected proce- 
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dures; (g) encouraging family involvement as soon 
as possible; and (h) emphasizing individual control 
over as many situations as possible. 

Losses and changes related to the burn injury 
affect each soldier differently. Growth, finding new 
strengths and coping mechanisms, recovery from 
grief, and developing renewed goals or emotional 
growth occur sometime after the soldier realizes the 
impact and disruption he will probably experience 
from the injury. 

When the soldier determines that there is poten¬ 
tial for survival, his focus may turn to the perceived 
pain and its alleviation. This focus frequently re¬ 
sults in increased reports of pain as well as requests 
for analgesia. When adequate pain control is not 
provided, the casualty begins to believe that pain 
will be associated with each treatment and may re¬ 
sult in poor compliance with treatments. The an¬ 
ticipation of pain may be complicated by having 
painful procedures done at different times, thus 
increasing the anxiety level. Adequate medication 
dosage for pain, anxiety, and sleep is increased be¬ 
cause of the hypermetabolic state of the casualty. 
When IV lines are in place, adequate PCA to allow 
activity during the day, interspersed with comfort¬ 
able rest periods, improves cooperation with anti¬ 
gravity positioning and elevated exercise that ulti¬ 
mately also result in diminished pain. Relaxation 
training, counseling, and behavioral management 
are effective nonpharmacological ways to deal with 
pain. However, they never replace analgesic, hyp¬ 
notic, or tranquilizing medications. The goals of 
pain management are to maximize comfort, mini¬ 
mize disruptive behavior, and increase cooperation 
and productivity.’^ When complaints of dysesthe¬ 
sias and pain are misinterpreted by the staff as 
manipulative behavior at about the same time pain 
medications are being tapered, cooperation with 
therapeutic modalities is undermined. Short con¬ 
tinuance of narcotics combined with desensitization 
techniques will undoubtedly reduce the problem. 
Most neuropathies resolve slowly. However, in ad¬ 
dition to being taught desensitization and compen¬ 
sation techniques, the patient will appreciate assis¬ 
tance with reintegration of sensory information. 
Benson's relaxation^”^ (Exhibit 10-3), practiced daily, 
will help the person tune out sensations he would 
not have been aware of before the accident. For 
some casualties, dysesthesias from the healed tis¬ 
sue become a central, compelling part of their 
awareness. Individual counseling as well as reas¬ 
surance by the physician and therapist help the sol¬ 
dier accept the return of sensation as a positive sign, 
even if it is temporarily distorted and therefore 


painful. Patients slowly come to realize that the skin 
emergency has passed and by using vision as well 
as tactile sensation from the burned and unburned 
parts, the sensory information will be more quickly 
reintegrated. 

As orientation improves, additional behavioral 
methods of relaxation may by implemented. These 
include Benson's relaxation response, autogenic 
training, biofeedback, imagery, and distraction. 
Other behavioral interventions include deep breath¬ 
ing exercises, which may alter sensation in a nega¬ 
tive way, especially if the casualty hyperventilates 
when attempting deep breathing; and progressive 
muscle relaxation (although this is painful if the 
overlying skin is burned and therefore can cause 
pain instead of relaxation). Soldiers are taught rapid 
relaxation techniques as a part of their training for 
management of stress in army operations. A com¬ 
bination of what the soldier is familiar with and 
these nonpharmacologic techniques assist the indi¬ 
vidual to be in greater control of his situation. 

Immobilization Phase of Wound Care 

The goals in the immobilization phase of wound 
healing include continuing analgesia; permanent 
wound closure with graft adherence; modifying 
edema; preventing complications; maintaining joint 
and skin mobility as possible; educating the casu¬ 
alty and family to the expected results and appear¬ 
ance of early skin grafts; behavioral interventions 
to assist prolonged bedrest and to redefine skin 
graft operations as positive, rather than negative, 
in the course of wound healing; and counseling to 
assist the soldier to focus on the positive final out¬ 
come, rather than on loss of independence, pain, or 
inactivity. 

Wound and Skin Care and Nursing During the 
Immobilization Phase 

The immobilization phase of healing after graft¬ 
ing can be a trying time for casualty, family, and 
staff alike. Casualties may see it as a setback if they 
are unable to exercise areas they had diligently been 
exercising. Thorough explanations to casualty and 
family about grafting and the period of immobili¬ 
zation will help to prepare them emotionally for the 
postoperative period. Postoperative positioning 
and splinting should be discussed with the physi¬ 
cian, therapist, and nursing staff preoperatively. 
Whenever possible during preoperative teaching, 
the nurse should assist the casualty into the posi¬ 
tion that will be assumed postoperatively. This will 
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EXHIBIT 10-3 

OUTPATIENT HOME CARE PROGRAM: THE RELAXATION RESPONSE 


1. Sit quietly in a comfortable position. Choose a place where you will not be disturbed. 

2. Practicing is best done sitting on a comfortable chair with the feet flat on the floor, the hands on the legs, 
and the head unsupported. 

3. Close your eyes. 

4. Breathe through your nose. As you breathe out, say the word, "one," silently to yourself. Breathe easily 
and naturally. 

5. Continue for approximately twenty minutes. You may open your eyes to check the time, but do not use an 
alarm. When you finish, sit quietly for several minutes, at first with your eyes closed and later with your 
eyes opened. Do not stand up for a few minutes. 

6. Do not worry about whether you are successful in achieving a deep level of relaxation. Maintain a passive 
attitude and permit relaxation to occur at its own pace. Distracting thoughts are normal. When these thoughts 
occur, return to repeating "one". 

7. Some patients report that it is difficult to judge for themselves whether this technique is working. Often, 
after a week of consistent practice, they report feeling more alert and either losing their discomfort or 
becoming less aware of discomfort. 

8. Patients also report that if they practice this procedure within two hours after a meal, the relaxation does 
not seem as satisfactory. Deep relaxation can often occur best just after awakening when the body is well 
rested and before any food is eaten. You may be familiar with increased dreaming when you have eaten a 
large meal just before going to sleep. That is one example of increased activity of the mind in response to 
digestion. 

9. Also, this procedure may interfere with your sleep if done within 3-4 hours of bedtime. 

Modeled on the work of H. Benson, MD, Thorndike Memorial Laboratory, Harvard University. 


assist in solving discomfort issues in advance. Pre- 
operatively, a low air loss bed or air fluidized bed 
should be considered, nof only for comforf reasons, 
buf also for pressure reducfion on healed, unhealed, 
old or new graff sifes, and donor sifes. 

Postoperafively, the nursing staff musf know ex- 
acfly what operative procedure was performed fo 
maximize posifioning and fo avoid any pofenfial 
complicafions. The acfivify level musf be known 
and also whaf nonsurgical sifes can confinue fo be 
exercised. Confinuous elevafion and checking 
CMST of graffed exfremifies is performed at least 
every 2 hours to prevent complications, which may 
include increased edema; poor circulation; or pres¬ 
sure caused by dressings, splints, or casts that may 
be too tight. 

Appropriate analgesia and sedation should be 
administered to keep the casualty comfortable yet 
not oversedated during the immobilization phase. 
Other techniques such as relaxation, imagery, or 
music that the casualty found helpful in fhe pasf 


should again be used. Casualfies may require more 
emofional supporf during fhis phase; fhe nurse can 
provide fhis supporf by effective listening, giving 
reassurance, explaining all procedures that are 
done, providing pain relief, and enlisting the assis¬ 
tance of fhe unif chaplain or psychologist. 

Meticulous wound care in nonsurgical areas 
needs to be performed af leasf daily. Observafion 
of fhe surgical areas for signs of increased bleed¬ 
ing, infecfion, or because of complainfs of pain from 
splinfs or dressings should confinue fhroughouf fhe 
period of immobilizafion. 

The firsf posfgraff dressing change, af fhe direc- 
fion of fhe physician, occurs befween 1 and 5 days 
postoperafively. This dressing change can be done 
af fhe bedside or af fhe hydrofherapy area. Thor¬ 
ough soaking of fhe gauze oufer dressings wifh 
wafer or saline will facilifafe fheir removal wifhouf 
disruption of fhe underlying graffs and any over¬ 
lay dressings fhaf may be used fo secure and pro- 
fecf graffs. Graff disruption is less if fhe dressing is 
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bent back 180° as it is pulled away from the wound, 
rather than lifting it at 90°. Daily dressing changes 
of fhe graff sifes are usually resumed affer fhis fime 
(Figure 10-55). If fhe confacf layer is adherenf over 
fhe graff, applicafion of a fine mesh gauze impreg- 
nafed wifh an anfibiofic oinfmenf for 1 hour prior 
fo removal will decrease slicking and bleeding wifh 
removal. This layer is nof removed unfil fhe infer- 
sfices are closed, unless infecfion is nofed under if. 
Evaluafion fo defermine fime for resumpfion of ex¬ 
ercises is complefed. Safe exercise depends on graff 
fake, durabilify, and locafion. When if has been de- 
fermined fhaf fhe casually can resume range-of-mo- 
fion exercises, daily living skills should also gradu¬ 
ally be resumed. Acfivify levels should be increased 
daily. The casually should assisf in goal selling and 
scheduling of acfivifies wifh fhe assisfance of fhe 
primary nurse. 

Exercise During the Immobilization Phase of 
Wound Healing 

Many confracfures originafe during fhe posfgraff 
period when any join! underlying a skin graff musf 
be immobilized for opfimal aufograff adherence. If 



Fig. 10-55. Wound cleansing and assessment postgrafting. 


is impossible to maintain ideal positioning at all 
joints. For the severely burned casualty, 3 to 7 days 
of immobilify during skin graff vascularizafion se¬ 
verely limifs acfive mofion. When a severe inflam- 
mafory process surrounding a join! is nofed preop- 
erafively, fhe resulfs of immobilizafion can be di- 
sasfrous. However, wifh early graffing procedures, 
early resumpfion of supervised genfle-acfive mo¬ 
fion, and carefully designed immobilizing orfhoses, 
safislacfory oufcomes can be anficipafed. While fhe 
casually waifs for skin graffs fo adhere, fhe fhera- 
pisf recommends an exercise program fo prevenf 
phlebifis, pneumonia, and confracfures during fhe 
bedresf period. Exercise is excluded from any joinfs 
underlying fhe graff and one join! proximal and one 
join! disfal fo fhe graff. Quadriceps isomefric exer¬ 
cise and ankle pumps are easy fo leach fhe casually 
whose leg is nof graffed. However, casualfies offen 
need cueing fo inifiafe exercise and fo avoid mov¬ 
ing graffed areas. When only fhe upper exfremify, 
head, or neck is graffed and can be safely immobi¬ 
lized, fhe casually may be up in a chair and ambu- 
lafe (Figure 10-56). 

If may be possible fo provide posifioning for fhe 
anesfhefized casually who is undergoing graffing. 



Fig. 10-56. The patient is ambulating on the first postop¬ 
erative day with immobilization of upper extremity graft. 
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which will allow the contracted areas of skin and 
scar to elongate because of fhe plasfic properfy of 
connecfive fissue. Excessive sfrefching or forceful¬ 
ness can resulf in bleeding, swelling, and increased 
fenderness, so greaf care musf be used. To sfrefch 
an ankle, for insfance, if may be accepfable fo place 
fhe casualfy's foof on a foam block, wifh fhe hip 
and knee benf, and allow fhe heel cord fo elongafe 
slowly as fhe casualfy lies relaxed in fhe supine 
posifion. The "creeping" elongafion of fissue in fhis 
way resulfs in change fhaf may be mainfained by 
acfive exercise when fhe casualfy is awake; fhe slow 
elongafion will be painless because of fhe anesfhe- 
sia for graffing. 

Therapisfs musf adhere fo fhe medical cenfer's 
policies and procedures governing who may affend 
casualfies in fhe operafing room; fhere musf be 
documenfafion of each person who enfers fhe op¬ 
erafing room and fechniques followed during sur¬ 
gical procedures. The fherapisf who wishes fo 
evaluafe range-of-mofion or provide fhis type of 
sfrefching when fhe casualfy is under anesfhesia 
musf firsf discuss fhis wifh fhe surgeon. Then a pro¬ 
tocol should be wriffen covering fhe roles and re- 
sponsibilifies of fhe fherapisf. The operafing room 
nurses and fhe person adminisfering anesfhesia 
will appreciafe being consulted prior fo fhe fhera¬ 
pisf parficipafing in casualfy care in fhe operafing 
room. 

Safefy facfors are sfressed for everyone involved 
in surgical procedures. The anesfhefized casualfy 
is unable fo produce a normal response fo painful 
or injurious sfimuli. Therefore, proper posifioning 
and padding are imporfanf fo avoid pressure poinfs, 
sfrefching of nerves, or inferfering wifh circulafion 
fo an exfremify. Whenever fhe casualfy's posifion 
is changed, if musf be done slowly and genfly fo 
allow circulafion fo readjusf. The casualfy has a di¬ 
minished abilify fo compensafe for physiologic 
changes caused by mofion or sfress. The anesfhefic 
agenfs are depressanfs and predispose fhe casualfy 
fo respiratory complicafions. The casualfy's chesf 
musf be free for adequafe respirafory excursion af 
all fimes and pressure musf never be exerfed on fhe 
chesf while fhe fherapisf is holding an arm or hand. 
The fidal volume is decreased as much as one fhird 
when a casualfy lies horizonfally so consfricfion of 
fhe neck musf also be avoided. The casualfy ben- 
efifs from unhindered diaphragmafic movemenf 
and a pafenf airway. The anesfhesiologisf guards 
fhe head and supporfs if during movemenf. Arms 
musf never be hyperexfended, and shoulders may 
nof be moved above 90° fo 100° of flexion or ab- 
ducfion. 


The fherapisf checks wifh fhe anesfhesiologisf 
and fhe circulafing nurse before examining range- 
of-mofion. Mofion musf be checked quickly if fhe 
area is being prepared for graffing or as a donor. 
The fherapisf may "scrub in" if fhis has been ar¬ 
ranged in advance. IV lines, moniforing elecfrodes 
and connecfors, airway connecfions, and elecfrical 
equipmenf are always preserved. Range-of-mofion 
evaluafion cannof cause inaccessibilify of fhe op- 
erafive site. Sferile fechnique is nof broken or fhe 
sferile field confaminafed. Avoid occlusion or pres¬ 
sure on peripheral blood vessels, and ensure fhaf 
resfraining sfraps, if removed, are properly re¬ 
placed. Bony prominences should be profecfed from 
consfanf pressure againsf hard surfaces, and pro¬ 
longed compression fo or sfrefching of peripheral 
nerves should be avoided. The exfremifies musf be 
well supporfed whenever fhe fherapisf is nof work¬ 
ing wifh fhem. If injuries occur from malposifion- 
ing during anesfhesia, fhe brachial plexus and ul¬ 
nar, radial, and peroneal nerves are mosf frequenfly 
injured. Finally, sfrain on fhe casualfy's muscles can 
resulf in needless posfoperafive discomforf from 
lack of profecfive muscle fone during anesfhesia. 

Positioning During the Immobilization Phase 

The casualfy musf confinue anfigravify posifion¬ 
ing and prevenf disrupfion of fhe new graff. The 
team consulfs wifh fhe surgeon fo determine posi¬ 
fioning well before fhe scheduled graffing proce¬ 
dure. Clinifron (Hill-Rom) or Kinaire (Kinefic Con- 
cepfs) beds disfribufe pressure; however, fhey pro- 
mofe profracfion of fhe shoulders and fhoracic ky¬ 
phosis wifh a subsequenf reducfion in vifal capac- 
ify. When posfoperafive use of fhe air cushion bed 
is recommended, high air flow cushions are placed 
under donor areas fo facilifafe drying, and low flow 
cushions are placed under fhe graffed area fo pre¬ 
venf desiccafion. The bed cushions musf be changed 
before fhe person is placed in fhe bed posfopera- 
fively. All posifioning should be fried for a nighf 
by fhe casualfy, fo solve any discomforf or daily liv¬ 
ing skill problems such as urinal use. The graff and 
one joinf proximal and disfal are immobilized. All 
of fhe posifioning devices available during fhe early 
phase may be adapfed for fhis phase. Wedge pil¬ 
lows or over-fhe-bed suspension wifh slings are 
useful for upper exfremifies. Delfoid aids and el- 
evafing fables also assisf in alfernafing posifions 
during fhis fime. Properly posifioning fhe body parf 
so fhaf fhe new graff is af opfimal lengfh will mini¬ 
mize confracfures. The casualfy is kepf on bedresf 
unless immobilify of fhe graff can be mainfained 
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Fig. 10-57. Axillary thermoplastic orthosis applied in 
operating room, (a) Molding splint into correct position 
at the axilla. {b)Total contact thermoplastic orthosis set¬ 
ting up over a new graft. 


while sitting in a chair or walking for short distances 
during bathroom trips. The body part grafted is el¬ 
evated to prevent edema. If fhe posferior side of fhe 
body or head is graffed, fhe casualfy is posifioned 
prone or on an air-fluidized bed or air-flow cushion 
bed. In fhese cases, fhe graff musf be profecfed wifh a 
plasfic barrier, if needed, because fhin dressings do 
nof prevenf graff desiccafion from high air flow. 

Orthosis During the Immobilization Phase 

Widely varying maferials and profocols have 
been suggesfed for posfoperafive skin graff dress¬ 
ings and orfhoses. All have fhe common purposes 
of immobilizing and profecfing fhe graffed area, 
prevenfing edema, and speeding wound healing. 
Thermoplasfic splinfs applied in fhe operafing room 
conform precisely fo fhe graff and immobilize fhe 
exfremify. (Figure 10-57) Addifional considerafions 
for orfhoses are convenience, comforf, and cosf. 

In cenfers using fhe exposure mefhod of graff 
healing, elevafion, supporf, and profecfion of fhe 
graffed areas are accomplished using pillows, 
slings, mefal and nef "hammock" posifioning, open 
fhermoplasfic orfhoses, or skelefal fracfion. Safely 
securing a fhermoplasfic orfhosis wifhouf impair¬ 
ing circulafion is difficulf when fhe burn is circum- 
ferenfial and exfends beyond fhe borders of fhe 
graff. Resfless casualfies dislodge posfoperafive 
orfhoses. If fhe orfhosis resfs on fhe graff if will in- 
hibif fissue survival. 


When fhe healed wound is expecfed fo be espe¬ 
cially fragile, as if is affer culfured epifhelial or ar- 
fificial skin graffs, overhead suspension of fhe body 
parf is indicafed. The proper use of skelefal immo- 
bilizafion prevenfs nerve damage and join! or soff 
fissue sfrain.^°® Precaufions fo be addressed include 
use of proper counferbalance weighf for each indi¬ 
vidual limb, fhorough invesfigafion of fhe casualfy's 
complainfs, frequenf observafion of fhe enfire rope 
and pulley sysfem fo avoid weighfs resfing on fhe 
floor or bed parfs, lubricafion of pulleys wifh sili¬ 
cone spray before affaching fracfion, and shielding 
of fhe weighfs fo keep fhem from being bumped by 
passing visitors, children, and equipmenf. 

Affer fangenfial excision using a fourniquef, a 
bulky pressure wrap is offen used fo prevenf bleed¬ 
ing and profecf fhe graffs. In fhis case, fhe whole 
exfremify is wrapped in coffon baffing and elasfic 
bandages and suspended from overhead fracfion for 
24 hours. Affer 24 hours, fhe bandaged exfremify is 
elevafed on an arm wedge or fhe foof of fhe bed is 
elevafed. 

To make a bulky wrap, a single layer of nonad- 
herenf dressing is used in confacf wifh fhe graff. 
An example of fhis use is in a hand burn. A confacf 
layer such as Biobrane (Winfhrop Consumer Prod- 
ucfs) is sfapled in place over fhe graffs. Wef fine 
mesh gauze is wrapped around fhe confacf layer. 
An adequafe number of complefely opened gauze 
4 X 4 in. sponges are placed info fhe palm, befween 
fhe inferdigifal webs and info fhe fhumb web space. 
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A Kerlix (Kendall Healthcare Products Co.) roll is 
placed into the palm to increase the thumb web 
space. Fluffed gauze pieces are placed over fhe dor¬ 
sum of fhe hand and fhumb wifh a snug Kling 
(Johnson & Johnson) wrap. The enfire wrap is cov¬ 
ered wifh coffon baffing and secured wifh a gradi- 
enf elasfic bandage wrap. Gradienf means progres¬ 
sively decreasing fhe pressure from disfal fo proxi¬ 
mal. The purpose of gradienf pressure is fo improve 
venous and lymphafic refurn, fo supporf arferial 
supply, buf nof enhance if, and fo assisf in hemo- 
sfasis affer wound excision. The enfire bulky dress¬ 
ing can be reinforced wifh a dorsal or a palmar plas- 
fer or plasfic orfhosis, or bofh. The plasfer should 
nof confacf fhe skin. A single layer of Webril 
(Kendall Healfhcare Producfs Co.) inferface is 
needed fo ease plasfer removal. The orfhosis can 
be secured wifh an elasfic wrap or Kerlix (Kendall 
Healfhcare Producfs Co.) wrap. 

When fhermoplasfic immobilizing orfhoses are 
used, fhey may be filled over a single layer of non- 
adherenf gauze, over a bulky wrap, over a sfenf 
dressing, or over a wef fine-mesh gauze dressing. 
Posfoperafive skin graffing orfhoses may be fabri- 
cafed preoperafively, infraoperafively, or posfopera- 
fively. Orfhofics applied in fhe operafing room fif 
well inifially since fhey are molded fo fhe final 
dressings affer graffing. The area immobilized in¬ 
cludes fhe graffed area and fhe immediafe joinfs 
proximal and disfal fo if. Any plasfic orfhosis can 
be cuf open so drainage can escape. Very wef dress¬ 
ings if nof changed frequenfly, can cause macera- 
fion and superficial infecfion. 

When fhe anesfhefized casually is filled wifh an 
orfhosis, if is imporfanf for fhe body parfs fo 
be aligned in an anafomically correcf posifion. 
Casualfies adjusf easily fo wearing an immobiliz¬ 
ing orfhosis when adequafe pain medicafion is 
adminisfered posfoperafively. Lafer, when pain 
medicafions are being decreased, fhe orfhosis of- 
fen feels comforfable, which increases wearer ac- 
cepfance. 

Areas That May Require Immobilization Orthosis 

Face and neck. Halo skelefal fracfion is some- 
fimes used. Thermoplasfic halo immobilizing 
devices are difficulf fo fabricafe and allow some 
movemenf, buf are somefimes used. The halo wifh 
a fhermoplasfic jackef wifh a very high frim line, 
which exfends onto fhe neck, fofally immobilizes 
fhe neck. 

Shoulder. Skelefal fracfion or foam wedge pillows 
opfimally immobilize and posifion fhe shoulder. 



Fig. 10-58. Airplane splint. 


These methods are most commonly used to man¬ 
age axillary immobilization. Rarely, when total 
contact or 3-point airplane splints (see Figures 10- 
56 and 10-58) are fitted postoperatively, they posi¬ 
tion the shoulder in up to 120° of abducfion and 
10° fo 15° of shoulder flexion fo prevenf a neuropa- 
fhy.®^ If needed, a separafe orfhosis supporfs fhe 
elbow in slighf flexion and fhe wrisf in slighf ex- 
fension. A fofal confacf airplane splinf, formed over 
fhe under surface of fhe abducfed arm, keeps fhe 
graff from shrinking and disfribufes fhe pressure 
over a graffed area (see Figure 10-57) more accu- 
rafely fhan fhe 3-poinf airplane splinf. Prosfhefic 
elastomer inserfs may be molded fo fhe axillary area 
before fhe splinf is fabricafed fo increase fhe con- 
formabilify of fhe splinf fo fhe axilla. The 3-poinf 
airplane splinf does nof immobilize as well and al¬ 
lows problematic webbing (shrinking of fhe anferior 
and posferior axillary fold skin limiting shoulder 
movemenf) befween fhe chesf wall and fhe arm“ (see 
Figure 10-58). 

Elbow. A volar exfension splinf or posferior flex¬ 
ion splinf may be made fo keep an elbow graff in place. 

Hand. When a pressure wrap is nof used for posf¬ 
operafive hemosfasis, a WHFO (see Figure 10-40) 
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is fabricated to keep the IPs extended, the MCPs 
flexed at 65°, the wrist extended to 20°, and the 
thumb abducted. It is important to include the pal¬ 
mar arch contour in the orthosis since the arch is 
necessary for opposition. 

Hip-knee-foot. The hip, knee, and foot positions 
can be immobilized with a commercially available 
foam AFO with a derotation outrigger. A bulky pres¬ 
sure wrap with cotton batting, followed by gradi¬ 
ent pressure elastic wrap is used, and the leg is po¬ 
sitioned with the knee above the heart and the foot 
above the knee for control of postoperative bleed¬ 
ing. An OCL plaster support for 90° ankle may be 
fitted. When only the ankle needs postoperative 
positioning a posterior thermoplastic or plaster 
ankle-foot-orthosis may be used. 

Functional Activities and Adaptive Equipment 
Use During Immobilization Phase 

In the immobilization phase it is important to 
avoid trauma or shearing the skin surface during 
ADL. Performance of functional activities such as 
feeding (Figure 10-59), grooming, and communica¬ 
tion are appropriate as long as the graft is immobi¬ 
lized. Adaptive equipment is continued as needed. 
Applying lotion to healed or unburned areas in¬ 
creases sensory input and decreases hallucinations 
from sensory deprivation. Additional functional ac¬ 
tivities that can be performed in the immobiliza¬ 
tion phase are sedentary recreational activities such 
as viewing television or the VCR. It can also be 
therapeutic to watch educational videos regarding 
burn treatments. In addition, the casualty can par¬ 
ticipate in activities with others, such as board 
games, cards, or crafts if the graft is protected. 



Fig. 10-59. Feeding during the immobilization phase. 


Psychosocial Adjustment During the 
Immobilization Phase 

The immobilization phase following skin graft¬ 
ing may be very difficult. Preparation for grafting 
includes briefing the casualty and family about the 
procedures and time frames of the immobilization. 
An informed soldier will experience less unfocused 
apprehension concerning the operation. Increased 
acceptance of the procedures is observed when both 
the family and soldier understand the need for 
grafting and the alternatives for achieving wound 
healing. The surgeon and rehabilitation team reas¬ 
sure the soldier by helping him redefine the graft¬ 
ing operation in a positive light, rather than as a 
setback, and allay fears related to loss of control 
during anesthesia. 

The casualty is not able to exercise the grafted area 
or perform as many activities due to potential skin 
shearing from movement. The resultant lack of move¬ 
ment and sensory deprivation create the potential for 
confusion and hallucinations. The potential for con¬ 
fusion or hallucinations is reduced by staff or family 
providing appropriate sensory stimulation, especially 
if the casualty is sensory-deprived on a Rotobed or a 
Clinitron bed.^° The use of tactile input through 
rubbing lotion on closed areas will provide itch con¬ 
trol as well as a sense of reassurance through thera¬ 
peutic touch. Auditory and visual input may be 
emphasized through the use of television, radio, 
music, and frequent family and staff interaction. 

Explanations of procedures before they are per¬ 
formed provide reassurance. Adequate analgesia and 
sedation as well as the use of familiar relaxation exer¬ 
cises help to provide a level of comfort that is toler¬ 
able during this phase. Avoiding repeated, unex¬ 
pected, painful, and frightening treatments reduces 
the potential for developing posttraumatic stress 
disorder (PTSD). The staff should provide patient 
choices as much as possible. The soldier should be 
invited to participate in procedures such as staple 
removal, wound cleansing, and antigravity posi¬ 
tioning, thus reinforcing the casualty's control and 
responsibility in the healing process. 

Wound Maturation Phase of Healing 

The goals during the wound maturation phase 
of healing are to: 

• assist in nonnarcotic analgesia; 

• maintain wound closure; 

• prevent infection; 

• control edema; 
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• regain joint and skin mobility; 

• regain strength and endurance; 

• facilitate casualty and family parficipafion 
in resumpfion of family roles; 

• assisf learning self-care; 

• fif fofal-confacf, sfrefching orfhoses fo mini¬ 
mize hyperfrophic scar formafion; 

• learn compensafion fechniques for expo¬ 
sure fo fricfion, frauma, ulfraviolef lighf, 
chemical irrifanfs, exfremes of weafher or 
femperafure; 

• develop awareness of sensory changes; 

• fif prosfheses; 

• develop a profile for acfive-dufy framing, 
refurn fo parf-fime modified dufy, or fo full- 
fime acfive dufy; and 

• confinue counseling fo deal wifh life and 
psychological sfresses regarding perma- 
nenfly changed appearance, alfered abilify 
levels, and difficulfies wifh posffraumafic 
sfress sympfoms. 

Casualfies wifh large, deep burns may nof be¬ 
come independenf wifhouf being fransferred fo a 
rehabilifafion confer. For fransfer, fhe casualfy 
should be medically sfable and able fo folerafe and 
benefif from a minimum of 3 hours a day of fherapy. 
Appropriafe general goals for fhe burned soldier 
freafed af a rehabilifafion confer include fhe follow¬ 
ing. The pafienf will: 

• be able fo direcf skin and wound cares, need 
minimal assisfance wifh bafh, and be im¬ 
proving in self-care and independenf don¬ 
ning of exfernal vascular supporfs; 

• recover preburn AROM and be able fo dem- 
onsfrafe prolonged sfrefching fo decrease 
joinf and skin confracfures; 

• recover preburn sfrengfh as compared wifh 
normal for his age group; 

• develop endurance fo folerafe 2 hours of work 
equivalenf acfivify and 10 hours of acfivifies, 
including homemaking or home chores; 

• recover coordinafion sufficienf for work and 
fo accomplish daily living skills wifh mini¬ 
mal adapfive equipmenf af preburn speed; 

• confrol limb edema using exfernal vascu¬ 
lar supporfs 23 hours a day and elevafed 
posifioning; 

• demonsfrafe independenf donning of 
orfhoses fo modify burn scars, wear devices 
fhe prescribed number of hours, and ex¬ 
plain fhe purpose of fhese devices; 

• learn and use profecfive infervenfions for 


sensory, vascular, and pigmenf changes; 

• have healed burn wounds, graffs, and donor 
areas and will demonsfrafe care of blisfers; 

• demonsfrafe successful use of infervenfions 
fo confrol ifching; 

• parficipafe in appropriafe, coordinafed dis¬ 
charge planning; 

• parficipafe in family educafion; 

• explore vocafional issues wifh a vocafional 
rehabilifafion counselor; 

• explore and parficipafe in recreafional ac¬ 
fivifies, leisure planning, and social and 
communify reinfegrafion while wearing 
exfernal vascular supporfs and splinfs; 

• demonsfrafe consisfenf independence in 
self-care and homemaking; and 

• be learning fo cope consfrucfively wifh posf¬ 
fraumafic sfress sympfoms, changed body 
appearance, and adjusfmenf fo disabilify. 

Wound and Skin Care and Nursing During the 
Wound Maturation Phase 

During fhe mafurafion phase of healing fhe epi- 
fhelium in fhe healing parfial fhickness burns is 
very fragile, and if nof profecfed, is prone fo shear¬ 
ing, pressure, and subsequenf breakdown. If is nof 
uncommon fo have small blisfers form during fhis 
fime because fhe epidermal layer is nof firmly af- 
fached fo fhe underlying dermis for several 
monfhs.®*’ All areas should be genfly cleansed and 
rinsed well wifh wafer. Infecfion is no longer a con- 
siderafion, and fherefore, anfibiofic oinfmenfs are 
disconfinued. Blisfered areas should have lighf, 
nonadherenf dressings applied for profecfion. The 
infacf blisfer should nof be opened or debrided. If 
fhe blisfer is large and spreads when fhe exfernal 
vascular supporf wrap is applied, fhe blisfer should 
be drained and fhe wound profecfed wifh fhe dry 
skin. If fhe dry skin peels away, fhe open area is 
freafed wifh Unna ([ConvaTec] ER Squibb & Sons) 
dressing, Merfhiolafe ([fhimerosol] Eli Lilly & Co.) 
fo dry fhe area, or ofher topical medicafion if in- 
fecfed. Assessmenf is made for applying exfernal 
vascular supporf fo profecf fhe skin and decrease 
edema. Use of exfernal vascular supporf garmenfs 
is begun when open areas are dry, will nof adhere 
fo fhe garmenf, or fear wifh garmenf removal. Care¬ 
ful inspecfion of fhe casualfy's skin should be on¬ 
going for any condifion changes resulfing from in¬ 
creased acfivify, exercise, and fhe skin's response 
fo freafmenf procedures. Figure-8 elasfic wrapping 
should be applied fo fhe lower exfremifies prior fo 
dependenf posifioning or ambulafion.^“ Sfanding 
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in the shower with legs dependent is permitted only 
after all open areas are closed on the lower extremi¬ 
ties, and purple color of dependenf wounds is de¬ 
creasing. 

Affer a burn injury fhe number of sebaceous and 
apocrine glands are decreased, fherefore, fhe healed 
skin may appear dry and flaky. The casually may 
be very disfressed by prurifus. Vigorous rubbing 
or scrafching resulfs in newly opened areas. Mois- 
furizing lofions should be applied fo all healed ar¬ 
eas affer bafhing and roufinely as needed. The lo- 
fion should nof be perfumed, have an alcohol base, 
or be so viscous fhaf if causes blisfers during appli- 
cafion. Adequafe dosages of long-acfing oral anfi- 
prurific medicafions should be used^°^ in conjunc- 
fion wifh lofion to modify fhe ifch. Fingernails 
should be kept trimmed, smooth, and clean to pre¬ 
vent excoriation of fragile skin. Desensifizafion ex¬ 
ercises and vibrator use (Figure 10-60) may be help¬ 
ful fo reduce ifching. As sweaf glands, sebaceous 
glands, and hair follicles refurn, fhe casually may 
nofice a condition similar to acne caused by plug¬ 
ging of pores. A grif soap and cleansing sponge such 
as Buf-N-Puff (3M Healfhcare) may soften the tough 
outer layer of kerafin and allow pores to function 
normally. When apocrine function returns, it is not 
uncommon to have excessive sebum production 



Fig. 10-60. The casualty is desensitizing the scar area us¬ 
ing a vibrator. 


and perspiration. The casualty then benefits from a 
more drying, alcohol based lofion. If sunscreen pro- 
fecfion lofions are being used, if is imporfanf to pre¬ 
scribe the appropriate type of sunscreen according 
fo fhe nafural condifion of fhe skin. The avoidance 
of sun exposure for abouf 1 year is fhe besf mefhod 
of prevenfing permanenf hyperpigmenfafion (see 
Figure 10-32). 

During fhis mafurafion phase fhe burn casually 
musf come fo ferms wifh being a survivor and pre¬ 
pare fo leave fhe safe environmenf of fhe burn unif 
and reenfer sociefy. This reenfry may be done in 
stops: an excursion oufside the burn unit, a day pass 
with family or friends, passes fo resfauranfs, or frips 
home. These oufings will help fhe soldier fo adjusf 
fo sfares and rude commenfs. It can also help prob¬ 
lem solve for fhe discharge dale as fo whaf adap- 
five equipment will be needed at home. At this 
stage, these casualties can benefit from falking fo 
ofher burn survivors, a psychologisf, psychiafrisf, 
or social worker, and from viewing videofapes 
abouf ofher burn survivors and their families to 
learn how they coped and what their questions and 
concerns were. Along with physical and emotional 
recovery, ongoing social support is a necessity for 
fhe burn survivor fo be a "survivor" and nof jusf 
anofher "vicfim." Nurses provide psychological 
supporf and encouragemenf fo fhe burn casually 
as he prepares to leave acute care and return to so¬ 
ciety. At this time nurses also recommend referral 
fo appropriafe services such as alcohol and drug 
freafmenf facilities or chronic pain programs. Stud- 
iesios have confirmed thaf burn vicfims who are like¬ 
ly fo abuse drugs or alcohol or bofh did so before 
fhe accident. Outpatient treatment in these situa¬ 
tions may be indicated. 

Although no direct central nervous system dam¬ 
age occurs from a burn, mosf burn survivors nofice 
changed reflexes and changes in fheir perception 
of facfile and visual informafion. Propriocepfion is 
offen diminished. The ifching, fenderness, and skin 
pain subside gradually. Before fhe soldier refurns 
fo coordinafed independenf acfivifies fhaf could be 
dangerous, such as gelling info and out of fhe bafh- 
fub alone, driving, using power tools, climbing lad¬ 
ders, or cooking, he should practice these activities 
with supervision. Medications that cause drowsiness 
should be discontinued prior to the operation of 
power equipmenf or mofor vehicles. 

A desensifizafion program will allow fhe soldier 
fo confrol the level, frequency, durafion, and pres¬ 
sure of differing exfernal sfimuli applied fo a healed 
wound. As fhe casualfy's tolerance increases, his 
ability to withstand unexpected stimuli improves. 
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Sensations such as pain and itching from the healed 
wound decrease very slowly. Sensations from fhe 
healed wound become closer fo fhe preinjury feel¬ 
ing more rapidly when a desensifizafion program 
including massage, vibrafion, and exposure fo vary¬ 
ing fexfures and femperafures is pracficed regularly 
(see Figure 10-60). 

Massage desensifizes fhe skin and assisfs venous 
refurn. If is manipulafion performed wifh fhe hands 
fo produce effecfs on fhe neuromuscular and circu- 
lafory sysfems. The direcfion of fhe massage should 
be wifh fhe venous and lymphafic circulafion. The 
purpose of massage is fo relax as well as fo improve 
circulafion from fhe limb. Using foo much pressure 
causes pain or blisfers. The massage should be a 
slow repefifive mofion, moving disfal fo proximal. 
The limb should be elevafed above fhe hearf dur¬ 
ing massage. 

Anofher mefhod of desensifizafion involves us¬ 
ing wooden dowels, wrapped in various pieces of 
clofh, fo produce repeafed sfimuli over fhe affecfed 
area, which increases tolerance. Desensifizafion can 
be performed by graded confacf wifh parficles fhaf 
produce differenf sensafions. The hand or foof may 
be immersed in a basin fhaf confains various ob- 
jecfs such as coffon, popcorn, plasfic insulafion 
pieces, rice, plasfic squares, or beans. 

Vibrafion is a confrolled mefhod of sfimulafion 
of nerve endings fhaf may lessen pain, response, or 
irrifafion. An elecfric or baffery operafed vibrator 
is used fo massage around fhe areas surrounding a 
burn. As folerance increases fhe vibrafor can be 
placed direcfly over fhe healed wound, firsf wifh a 
stocking covering fhe skin and fhen direcfly againsf 
fhe healed skin. 

Anofher desensifizafion mefhod is confrolled 
exposure fo warm and cool wafer. The exfremify is 
mainfained af hearf level, and wafer is allowed fo 
run over fhe healed wound: begin by running fhe 
cool wafer over fhe wound for 20 seconds, followed 
by warm wafer for 5 seconds, and repeaf fhis pro¬ 
cedure for up fo 10 minufes. Confrasf bafhs of 
warm, followed by cool wafer may be subsfifufed 
by dipping hands slowly info fhe confrasfing wafer. 

Burn recovery, refurn fo acfive dufy, and refurn 
fo a normal home life usually include resuming 
sexual relafions.^“® Former burn pafienfs reporf fhaf 
regaining fheir sexual idenfify is fheir mosf impor- 
fanf goal for recovery. They have been suddenly and 
fraumafically shocked info realizing fheir vulner- 
abilify. They wanf fo deepen and sfrengfhen rela- 
fionships wifh a domesfic parfner and are afraid of 
rejecfion. They may seek safisfying, relaxing infi- 
macy even if fhaf was nof imporfanf fo fhem before 


fhe accidenf. They find if reassuring when fheir 
docfor inifiafes a maffer-of-facf discussion of sex 
and birfh confrol in fhe same way he discusses ofher 
medical aspecfs of fheir care. 

The soldier's parfner needs fo be included in dis¬ 
cussions abouf changes fhaf fake place during re¬ 
covery and fhe expecfed final oufcome. The casu¬ 
ally musf fake responsibilify fo inifiafe communi- 
cafion wifh his parfner, and musf undersfand fhaf 
human sexualify is communicafed fo fhe parfner 
fhrough behavior, appearance, and personal hy¬ 
giene, which reflecf fhe soldier's self-image. Mosf 
companions appreciafe an open discussion prior fo 
resuming sexual acfivify. 

The casually offen worries abouf rejecfion. Coun¬ 
seling fo encourage frusfing, hones! communicafion 
can become fhe basis of a loving, caring, excifing 
relafionship. Undersfanding, communicafion, 
imaginafion, and experimenfafion can expand op- 
porfunifies for a good relafionship.Pofenfial 
problems relafed fo sexual acfivify as well as birfh 
confrol should be addressed by fhe physician be¬ 
fore fhe soldier is discharged. Fricfion or frauma fo 
healed burns during sexual acfivify can cause blis¬ 
fers. These blisfers may heal slowly. They are nor¬ 
mal and decrease as skin foughens and mafures. A 
lubricanf decreases fricfion. The areas leasf burned 
are helpful in sexual acfivify. A commonly used 
means of sexual expression is fhe moufh. The casu¬ 
ally may receive more pleasure from fhis opfion, 
because fhe lips and longue are rarely severely 
burned and are more sensifive fo touch and fem- 
perafure fhan ofher body parfs. Any par! of fhe body 
can be made clean enough for oral confacf. 

Pregnancy may cause hyperfrophy of burn scars 
and should be avoided unfil fhe scars are mafure. 
Burns of fhe female genifalia are very rare because 
fhese sfrucfures are unusually well profecfed. How¬ 
ever, confracfures wifh shorfening of fhe skin 
around fhe inner fhighs and lower abdomen can be 
a problem. Burns of fhe male genifalia offen need 
urologic consulfafion fo achieve opfimal oufcome. 
Sfrefching fhe fissue away from fhe direcfion of 
confracfure and frequenf erecfions assisf wound 
mafurify. Vigorous exercise and sfrefching of fhese 
areas as healing progresses will resulf in fhe besf 
oufcome. Confracfure releases are possible. 

Talking fogefher, kissing, and caressing each 
ofher in a fender, sensuous way assisfs arousal, 
which is commonly more difficulf affer fhe burn 
injury. If is common for fhe casually fo be anxious. 
A major par! of sexualify depends on fhe way an 
individual chooses fo use fhe body, affifudes abouf 
a variefy of sexual behaviors, and informed choices 
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made based on internal feelings of compefence, ef- 
fecfiveness, and self-safisfacfion. Recovering sexu- 
alify and infimacy affer a burn injury is a dynamic 
process fhaf can somefimes be facilifafed by a coun¬ 
selor or frusfed confidanf. 

Erickson's”^ sexual counseling approach was fo 
avoid poinfing ouf or inferprefing pafienf's fears. 
He did nof emphasize insighf. His approach was 
based on acfion fo bring abouf change and he em¬ 
phasized fhe posifive. His focus was on expanding 
fhe person's world, nof educafing him abouf 
his inadequacies. When working wifh couples, 
Erickson offen relabeled whaf fhey were doing in a 
posifive way. He affempfed fo gain a small response 
and build on fhaf. In fhis way, posifive forces were 
freed fo allow fhe couple's furfher developmenf. 
Couples who had worked ouf an amiable way of 
living fogefher before a sfressful evenf, such as a 
burn, wifh posifive supporf and commifmenf fo each 
ofher, resolved sexual difficulfies. One of Erickson's 
basic premises was fhaf fhe arf of marriage included 
achieving independence while simulfaneously 
remaining emotionally involved wifh one's relafives. 
This type of adjusfmenf is crucial for fhe burned 
individual, whose full recovery is dependenf on 
his abilify fo capifalize on family resources.”' 

Exercise During the Wound Maturation Phase 

Full AROM refurns mosf quickly when inflam¬ 
mation is minimal, when grafts are on dermal rem- 
nanfs, and when fhe casualfy confinues hourly, el- 
evafed, active motion during waking hours. The 
burn casualfy needs fo exercise for sfrengfhening 
(AROM againsf gravify will increase sfrengfh when 
less fhan anfigravify sfrengfh is presenf), for im¬ 
proving speed and accuracy of movemenfs, for flex- 
ibilify, and fo improve skill in acfivifies. Wifh 
prompfing, fhe casualfy who has had adequafe an¬ 
algesia during fhe firsf fwo phases will puf ouf 
maximum eftorf fo move fhrough fhe exfremes of 
motion. This will prevenf joinf motion from becom¬ 
ing painful, nourish joinf cartilage, and elongafe 
surrounding soft tissue. Exercise confinues fo speed 
healing by improving circulation and by decreas¬ 
ing edema and fhe inflammatory response fo burn 
injury. Af fhis phase of recovery, fhe casualfy should 
exercise wearing external vascular supporfs. ft may 
be necessary fo remove fhe supporf garmenf for 10- 
minufe periods for composife sfrefching, buf fhe 
supporf musf be donned immediately affer fhe ex¬ 
ercise. The garmenf can only be removed af fhe dis- 
fal limb. If fhe garmenf musf be off an elbow, fhe 
whole sleeve musf be off, or an elbow zipper can 


be opened for prolonged flexion and supination buf 
if musf be closed affer exercise. A glove musf nof 
be removed wifhouf also removing fhe sleeve, 
which presenfs complicafions if fhe sleeve is af- 
fached fo a vesf. 

Former pafienfs reporf fhaf fo be eftecfive, exer¬ 
cise periods require menfal concenfrafion as well 
as vigorous physical invesfmenf. The casualfy 
should eliminafe disfracfions such as visifors dur¬ 
ing fhis imporfanf fime and concenfrafe on restor¬ 
ing greater funcfion wifh each exercise. A clock fhaf 
announces fime infervals, such as ringing every 15 
minufes, assisfs fhe soldier fo remember fo sfrefch 
eyelids or ofher imporfanf confracfures fhroughouf 
fhe day wifhouf fhe verbal cues fhaf may come fo 
seem like nagging from a fherapisf. 

Manual resistive exercises, progressive resisfive 
exercises, use of Cybex (Cybex Co.), BTE (Balfimore 
Therapeufic Equipmenf), rowing machines, sfair 
climbers, bicycle riding, and ofher fherapy modali¬ 
ties should be done daily fo improve sfrengfh and 
endurance (see Figures 10-32 and 10-61). ft is gen¬ 
erally considered fhaf high repefifion, low resis- 
fance exercise increases endurance, while lower rep¬ 
efifion, high resisfance exercise increases sfrengfh. 
However, sfrengfh can be increased wifh tow 



Fig. 10-61. The stationary bicycle provides strengthen¬ 
ing, active range-of-motion, and endurance exercise. 
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weights as long as fatigue occurs during exercise. 
Walking continues to be a favorite aerobic exercise. 
Furthermore, walking restores good posture, ie, 
body straight, chest up, chin in, shoulders back and 
down, and hips tucked in. When ambulation is done 
out of doors, if provides disfracfion from pain wifh 
focus on fhe surrounding scenery. 

During fhis phase of wound mafurafion, pro¬ 
longed sfrefching is almosf always recommended 
for decreasing joinf confracfures. Elbows remain 
suscepfible fo heferofopic ossificafion when fhey are 
sfrefched foo vigorously. However, genfle, graded 
prolonged sfrefch, preferably acfive, will assisf fhe 
collagen fo realign in a longer, less fighfly convo- 
lufed, maf-like configurafion. Confracfures af fhis 
poinf are usually so severe fhaf fhey will nof resolve 
wifhouf prolonged sfrefch in addifion fo fhe 
sfrengfhening exercises. Adequafe fime for pro¬ 
longed sfrefch and composife mofions musf be re¬ 
served by fhe fherapisf because fhe pafienf will al¬ 
mosf always need coaching and hands on supervi¬ 
sion for fhis parf of rehabilifafion. The ofher mo- 
dalifies can offen be incorporafed info wriffen, 
home programs and somefimes can accompany pro¬ 
longed sfrefch. Sfrefch can be combined wifh work- 
equivalenf acfivify. Somefimes an acfivify such as 
having fhe casualfy copy an enficing adverfisemenf 
wifh one hand, while fhe fherapisf sfrefches fhe 
ofher hand, helps fhe soldier fo relax and benefif 
more from fhe sfrefch. 

Varying fhe exercise program makes if more en¬ 
joyable. Individual sporfs such as biking, jogging, 
and fennis are wonderful beginning exercise. 
Graded fo increase as endurance increases, fhese 
sporfs refurn confrol fo fhe soldier. Caring for 
pefs is excellenf exercise and increases variefy and 
pleasure. If fhe animal lives in a barn, open areas of 
fhe casualfy should be healed or well covered fo 
avoid infecfion. Exercising by doing acfivifies fhaf 
were roufine and imporfanf fo fhe soldier before 
fhe injury rewards performance (Figures 10-62 and 
10-63). When fhe person is discharged from fhe hos- 
pifal, doing fhe mofions of acfive dufy, a job, 
homemaking or similar acfivify sfrengfhens 
muscles. This focuses affenfion on habifual acfivi¬ 
fies and foward fhe oufcome or producf of work. 
Success is mofivafing even when if fakes longer fo 
do a fask affer burn recovery fhan if took before fhe 
injury. 

Oufpafienf freafmenfs have fhe addifional ben¬ 
efif of esfablishing a paffern of leaving fhe profec- 
five home environmenf every day. Objecfively docu- 
menfed improvemenf is encouraging. Affending a 
healfh club increases social confacfs and may im- 



Fig. 10-62. The casualty is repairing a small engine as 
part of overall rehabilitation. 


prove self-esteem as strength and endurance in¬ 
crease. Swimming is an exercise recommended by 
former burn pafienfs. Swimming in chlorine wafer 
is irrifafing fo newly healed skin and exfernal vas¬ 
cular supporf garmenfs. Therefore, affer swimming, 
fhe chlorine is washed off; lofion is applied; and 
clean, dry, supporf garmenfs are donned. During 
swimming, fhe benefifs of exercise combined wifh 
joinf profecfion and skin moisfurizafion oufweigh 
fhe nuisances of showering, exfra laundry, and lo¬ 
fion applicafion. 

If musf be remembered fhaf when exercising ouf 
of doors, fhe pafienf's healed burned skin or donor 
areas should be profecfed from sunlighf unfil all fhe 
red color has faded. Damaged, fhinned skin will 
torn very dark brown wifh even brief sun exposure. 
Healed skin will folerafe graded sun exposure 3 fo 
18 monfhs following injury. However, exposure fo 
sun musf be gradual and a commercially available 
waferproof sunscreen wifh a sun profecfion facfor raf- 
ing of 15 or more should be applied fo all burned ar¬ 
eas when exposed fo fhe sun. A wide brimmed haf 
can profecf fhe ears and nose during exercise in fhe 
sun. Sunburn fhrough exposed custom fiffed elas- 
fic exfernal vascular supporf garmenfs is common. 

If fhe soldier's skin does nof sweaf, he should 
avoid prolonged exposure fo femperafures above 
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Fig. 10-63. Resumption of recreational activity after skin grafts provides exercise during an activity that was routine 
and important before the injury, (a) Recreational outlet provides therapeutic activity, (b) Close-up of grafted fingers 
exercised into flexion to play the guitar. Skin durability gradually increases during practice. 


85°F. A fan or air conditioner may be needed in the 
summer to aid the body in cooling by evaporation. 
Hyperthermia during exercise is possible. The ca¬ 
sualty must remove garments and orthosis and 
must shower and cool down after vigorous exer¬ 
cise, then reapply scar management devices. The 
opposite of hyperthermia and sunburn, frostbite 
injuries are a risk when the soldier is exercising out 
of doors and the temperature drops below 32°F. 
Casualties who have sustained frostbite in the past 
are at greater risk for frostbite. Warmer clothing, 
avoiding constricting bands around the extremities, 
and wearing several layers of clothing during exer¬ 
cise, reduces risks of frostbite. 

Casualties often view hospital discharge as a 
welcome termination of burn care, exercise, and 
pain. Often casualties eagerly anticipate what they 
believe is a well-deserved rest. The recalcitrant per¬ 
son who endures exercise and scar control devices 
at the hospital may abandon custom-made elastic 
stockings, traction or total contact splints and ac¬ 
tivity once he feels safe at home. It is the casualty's 
dream that home will magically bring back the pre¬ 
vious physical and emotional status. However, it 
quickly becomes obvious that achieving adequate 
epithelial healing for safe home care is only the be¬ 
ginning of rehabilitation and return to active duty.^^^ 
Work hardening programs are appropriate for se¬ 
verely burned casualties (see Figure 10-62). They 
have the advantage of providing supervised heavy 
work, with consultants for psychologic assistance 
to adjusting to changes and dealing with slow re¬ 
turn of endurance and ability. In addition, they 
make needed adaptations for exercise and work 
apparent. Work hardening also reinforces protec¬ 
tive measures for friction, trauma, chemical irri¬ 
tants, and extremes of weather or temperature. 


The best outcomes result when the casualty, 
therapist, and physician formulate an appropriate 
active duty limitation outline with each clinic visit. 
Returning part time, in whatever limited way is 
necessary, to as many active duty tasks as possible 
is also excellent exercise. Jobs done by habit elimi¬ 
nate the need for the soldier to constantly think 
about the discomfort of exercising. 

Positioning in the Wound Maturation Phase 

The goals and techniques for positioning during 
the wound maturation phase of healing are very 
similar to the acute phase already discussed (see 
Figures 10-30 and 10-34). Initially, dependent posi¬ 
tioning of the extremities will be painful, which will 
remind the soldier to elevate hands or feet. Later, 
as the soldier must take responsibility for varying 
his own position and using antigravity edema man¬ 
agement techniques, a kitchen timer ringing every 
hour is a nonthreatening reminder. 

Water beds are contraindicated initially for sleep¬ 
ing due to the rounding of the neck and shoulders 
and difficulty getting out of bed. In addition, if kept 
warm, they increase perspiring and itching. Anti¬ 
deformity and antigravity positioning is continued 
for at least 4 to 6 months postdischarge from the 
hospital. 

Orthosis in the Wound Maturation Phase 

Especially during the first 4 to 6 months after the 
wound is closed, the use of orthotics does not re¬ 
place exercise. Orthotics (in addition to the func¬ 
tions discussed in the previous sections) stretch 
contractures, substitute for lost function, and mini¬ 
mize scars.“ Individualized, custom-made orthot- 
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ics enhance positioning, allow reasonably painless 
maintenance of exercise gains, block undesirable 
motion, and encourage active motion away from a 
confracfure. Cusfom made orfhofics assisf in mini¬ 
mizing hyperfrophic scars by flaffening fhe hyper- 
frophic fissue againsf fhe underlying body sfruc- 
fures. Serial drop-ouf casfs, used for progressive 
scar elongafion, have fhe addifional advanfage of 
soffening fhe scar, prevenfing orfhofic slippage, and 
eliminafing pafienf removal. 

Head and neck. During fhe mafurafion phase, fhe 
preservafion of facial contours, while applying pres¬ 
sure to reduce hyperfrophic scarring is an ongoing 
challenge. The posifion of feefh and fhe facial con¬ 
tours are developed from fhe counfer pressures of 
fhe fongue againsf fhe feefh and fhe acfive mofion 
and fension of fhe exfernal facial musculafure. The 
presence of a confracfing scar or fhe use of an orfho- 
sis will alfer fhe balance of fhese mechanics. A den¬ 
ial consulfafion is fherefore recommended every 4 
monfhs for a pafienf needing exfernal vascular sup- 
porfs for managemenf of facial scars. A fransparenf 
facial orfhosis or neck orfhosis, described lafer, pro¬ 
vides opfimal managemenf for face scars or oral 
confracfures. The MPA can confinue fo be used 
for oral confracfures (see Figure 10-47). The 
Macfarlane microstomia correcfion device (Figure 
10-64) mainfains horizonfal oral aperfure gains. 
The Macfarlane device has fhe addifional bene- 
fifs of prevenfing foofh migrafion when if is worn 
daily and filling well wifh a clear orfhosis because 
fhe porfion af fhe corner of fhe moufh has no flange. 
The Macfarlane appliance also spreads fhe lips over 
fhe feefh, so if is easier fo blanch fhe fissue. Unless 
fhe denfisf defermines fhaf fhe lower feefh are in a 
solid arch shape, pafienfs who need pressure for scar 
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Fig. 10-64. Macfarlane microstomia correction device 
(shown here) can easily be used with clear facial orthosis. 



Fig. 10-65. A casualty shown with simultaneously worn 
chin-neck and axillary-elbow-hand appliances. 

modification over the lower lip and chin also need 
a retainer fitted for fhe lower feefh fo prevenf lower 
foofh migrafion from fhis imbalance of pressure. 

The neck responds well fo clear cervical collars, 
buf foam or fhermoplasfic devices also manage 
scars and prepare fhe epifhelium for more accurafe 
fofal confacf supporfs. Tubular ring collars can 
foughen neck fissue and if applied over a smoofh con¬ 
facf layer such as Xeroform (Chesebrough Ponds, Inc.), 
assisf in neck scar mafurafion. Offen fhe chin, neck, 
elbow, and shoulder need splinfs af fhe same fime. 
Making sure fhey fif fogefher and are comforfable 
helps fhe soldier use fhem regularly (Figure 10-65). 

Shoulder. Shoulders may require prolonged af- 
fenfion during fhe mafurafion phase. Posifioning 
orfhoses, figure-8 sfraps, delfoid aids, and CPM 
devices have fheir place in fhe freafmenf of diffi- 
culf cases. Posifioning orfhoses, such as fhe open 
axillary abducfion splinf (offen called an airplane 
splinf), are seldom leff in place for prolonged peri¬ 
ods buf musf be used in conjuncfion wifh acfive ex¬ 
ercise. However, fofal confacf axillary orfhoses are 
worn for prolonged fimes and provide confinuous 
pressure and sfrefching fo hyperfrophic webbing 
bands of fhe anferior and posferior axillae. When 
fhere is early hyperfrophic scarring along fhe anfe¬ 
rior and posferior axillary folds and fhe skin is 
healed and durable, a commercially available fig¬ 
ure-8 clavicle sfrap may be applied (Figure 10-66). 
If fhe fissue breaks down, fhe sfrap musf be dis- 
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Fig. 10-66. Figure-8 clavicle strap. 


Fig. 10-68. Deltoid aid used as positioning dynamic orthosis. 


continued (Figure 10-67). The strap may be worn at 
night when motion does not cause blistering or ir¬ 
ritation if wearing is tolerated and the scar heals. 
Deltoid aids are utilized to help position for pro¬ 
longed sfrefching of confracfure bands when fhe 
soldier relaxes, and yef allow acfive mofion as well 
as permif fhe person fo parficipafe in some ADLs 
(Figure 10-68). CPM devices are helpful fo move fhe 
shoulder confinuously and provide sfrefching af fhe 
ends of mofion. 

Elbow. The elbow confracfure responds besf fo a 
fhe serially revised or "drop ouf" orfhofic (see Fig¬ 
ure 10-33). For serial casfing or splinfing, fhe de¬ 
vice is usually changed every 2 fo 3 days fo accom- 
modafe a resolving confracfure.“ Bivalved casfs are 
difficulf fo puf on, buf if fhe casualfy is indepen- 


denf in using fhem, a prolonged sfrefch can be 
achieved when fhe casualfy is nof exercising or in¬ 
volved in funcfional acfivifies. Circumferenfial bi¬ 
valved arm casfs are applied fo achieve indepen- 
denf composife sfrefching exercises of fhe shoulder, 
elbow, and wrisf. An elasfic wrap can secure fhese 
for nighf wear (Figure 10-69). Elbow CPMs are also 
helpful. 

Hand. The purpose of hand orfhoses in fhis phase 
is fo reduce or prevenf deformifies or replace losf 
funcfion. Deformifies such as boufonniere (see Fig¬ 
ure 10-43) and swan neck are fendon injuries, which 
need a combined approach by fhe reconsfrucfive 
surgeon and fhe fherapisfs. However, fradifional 
orfhofic managemenf (such as fhree-poinf flexion 
or exfension splinfs, exfension froughs, and LMB 



Fig. 10-67. Irritated area resulting in temporary discon¬ 
tinuance of garment. Open area along left axillary con¬ 
tracture, stretching during exercise. Patient discontin¬ 
ued figure-8 clavicle strap during exercise, but wears it 
at night without increased irritation. 


Fig. 10-69. Circumferential bivalved casts assist shoul¬ 
der abduction with composite chest, and bilateral shoul¬ 
der and elbow stretching. In this simulation, the patient 
is simultaneously doing neck extension and mouth 
stretch. 
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Fig. 10-70. Management of interdigital contractures, (a) 
Thermoplastic interdigital thumb and finger web spac¬ 
ers attached to Velcro wrist band. Wrist band must not 
restrict venous return, (b) Silicone interdigital thumb and 
finger web spacers prior to glove being applied, (c) Felt 
interdigital web spacers. Note that external vascular sup¬ 
port glove is being applied with the aid of tubes. 

[North Coast Medical] flexion or extension springs 
or joint jacks) is used in maturing burns as the 
healed epithelium becomes tough enough to toler¬ 
ate these splints. Conforming fofal confacf fhermo- 
plasfic or silicone orfhofics are used in fhe hand fo 
apply pressure fo confracfure bands. The inferdigi- 
fal web space and fhumb web confracfures are es¬ 
pecially responsive fo silicone inserfs (see Figures 
10-46 and 10-70). Concave areas of fhe hand, such 
as in fhe palm, are also improved wifh silicone in¬ 
serfs, especially when fhe soldier is not using the 
hands (Figures 10-71 and 10-72). Total contact pres- 



Fig. 10-71. Total contact thermoplastic palm orthosis. 

sure on the scar tissue softens and elongates this 
plastic tissue better than three-point splints. Foam 
sandwich splints may be used to achieve wrist and 
digit extension and abduction.This orthosis 
would be secured with an elastic wrap at this state 
of fissue durabilify. Air splinf devices also reduce 
edema and sfrefch fhe hand or foof. 

Dynamic splinfs are nof well tolerafed by indi¬ 
viduals because of discomforf associafed wifh un¬ 
relieved, consfanf sfrefch (Figure 10-73). Serially 
revised or drop ouf orfhotics provide slow, inter- 
miffenf sfrefching and, fherefore, are beffer foler- 
afed. Serial orfhofics may be used for any individual 
hand join! or for a composife sfrefch (Figure 10-74). 
Hand CPMs are also useful for prolonged sfrefch 
af fhe limifs of range-of-motion (Figure 10-75). 

Orfhofics are also fabricafed to replace lost func¬ 
tion secondary to peripheral nerve injury. Examples 
are the thumb positioning post used in a median 
nerve injury or a dynamic extension orthosis for 
radial nerve injury. When digifs have been ampu- 
tafed, temporary prehension posts aid in grasp and 
pinch (Figure 10-76). 



Fig. 10-72. Night interdigital web orthoses. Note elastomer 
thumb saddle and separate Otoform K finger spacers. 
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Fig. 10-73. Dynamic elastic thermoplastic extension 
orthosis for treatment of fifth finger flexion contracture. 



Fig. 10-74. Plaster drop-out hand orthosis. 


Knee. A posterior serially revised or drop out ortho¬ 
sis is used at night to stretch resistant flexion contrac¬ 
tures of fhe poplifeal space. An orfhopedic knee im¬ 
mobilizer orfhosis may also be ufilized in less se¬ 
vere cases. 

Foot. During fhe mafurafion phase, foof scars can 
be very uncomforfable. For people who spend much 
fime sfanding or walking, a custom shoe and fofal 
confacf inserf may increase comfort by redistribu¬ 
tion of pressure. Cufoufs such as donufs are never 
appropriate since fhey cause edema formafion info 



Fig. 10-75. Continuous passive motion machines (CPMs) 
for the hand, (a) Toronto II hand CPM worn as outpa¬ 
tient. Note clear facial orthosis, (b) Sutter hand CPM. 



Fig. 10-76. Temporary palmar prehension orthosis. 
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Fig. 10-77. Cloth shoe with custom-fitted total-contact 
sole insert, with metatarsal bar, and silicone insert over 
dorsum of toes. 


Fig. 10-78. Management of foot scars and contractures, 
(a) Felt interdigital web spacers, (b) Elastomer silicone 
insert below medial malleolus applied under external 
vascular support stocking. 



Fig. 10-79. Hypertrophic scar appearance, (a) Graft 
and adjacent partial thickness wound healing, (b) 
Donor area healing. 
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the relieved area, ultimately increasing scar forma¬ 
tion. If forefoof, foe flexion, or exfension confrac- 
fures develop, shoe inserfs fhaf apply pressure onfo 
fhe hyperfrophic scar band and sfrefch fhe confrac- 
fure may be required (Figure 10-77). For severe foe 
exfension confracfures wifh hammer foe deformi- 
fies, a nighffime dynamic foe flexion orfhosis will 
be necessary. A shoe wifh mefafarsal bar, foe inserf, 
and sfeel shank is anofher alfernafive. When foe 
syndacfyl is nofed, inferdigifal web spacers are use¬ 
ful. Elasfomer silicone inserfs are used fo add pres¬ 
sure over hyperfrophic scars (Figure 10-78). If a foof 
drop is presenf, an AFO may be needed. 



Contracture and Hypertrophic Scar Management 

The complex pafhophysiology of hyperfrophic 
scar formafion is nof yef fully understood. Unop¬ 
posed nafural wound healing occurs by fhe pro¬ 
cesses of confracfion in a cenfripefal fashion and 
epifhelial migrafion from wound margins and re- 
fained epifhelial elemenfs af fhe base of sweaf 
glands or hair follicles.“ In addifion, because 
wounds info fhe reficular dermis level are allowed 
fo heal longer fhan 3 weeks, unnecessarily hard, 
fhick red scars are formed”® (see Figures 10-67, 10- 
79, and 10-80). 

b 



Fig. 10-80. Hypertrophic scars and custom Barton Carey 
support garment 4 months after injury, (a) Custom 
measured external vascular garment provides compres¬ 
sion to blanch scars, which are visible through garment, 
(b) Shortened hypertrophic tissue blanches when pa¬ 
tient is at rest, (c) Burned and unburned skin blanch 
during exercise of right shoulder, (d) Tissue over back 
with hypertrophic mesh grafts, which were placed 4 
months earlier, blanches when patient exercises. 
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Fig. 10-81. Mature sheet graft over fingers; mesh graft over 
dorsal hand; and mature, healed, nongrafted forearm. 

The duration of the scar process differs depend¬ 
ing on the depth of wound and coverage. Full thick¬ 
ness skin graft recipient areas tend to scar less than 
thin partial thickness grafts. However, full thick¬ 
ness donor areas must be either split thickness skin 
grafted or primarily closed by undermining the 
surrounding tissue. The linear scars on tension are 
likely to become hypertrophic, particularly if they 
cross perpendicular to the lines of relaxed skin ten¬ 
sion. The linear scars may also spread and become 
unsightly. Skin grafts over granulation tissue or in¬ 
fected granulation tissue scar worse than grafts to 
wounds excised in 3 days. Meshed grafts leave a per¬ 
manent pattern of epithelial decussations and inter¬ 
stices. The larger the mesh, the larger the permanent 
criss-cross pattern. In contrast, a sheet graft, with 
no hematomas or seromas to disrupt adherence, of¬ 
ten appears smooth in 1 or 2 months (Figure 10-81). 
Donor areas into the reticular dermis are more likely 
to scar than superficial donors (see Figure 10-79). 

During hypertrophic scar formation, there is an 
increase in collagen and myofibroblast production, a 
proliferation of new capillaries, with capillary endo¬ 
thelial budding forming a rich vascular network. Fi¬ 
broblasts appear in the interstitial spaces in greater 
quantities than normal. These fibroblasts begin to syn¬ 
thesize collagen and produce myofibroblasts that ex¬ 
hibit contracting characteristics similar to a smooth 
muscle cell. With delayed epithelization, collagen 
in the connective tissue is produced at 4- to 5-fold 
the normal rate. The new collagen is profusely vas¬ 
cular, immature, and lacks organization because the 
interstitial matrices are not correctly regulating its 
production. The adhesiveness of collagen fibers and 
bundles, more densely packed and lacking spatial 
orientation, are associated with a delay in epithe¬ 


lization. Serum protein in the blood inhibits colla- 
genase resulting in a decreased collagen lysis. 

The scar tissue begins dynamic remodeling as 
soon as the inflammatory phase of wound healing 
is completed. However, the scars are rarely ob¬ 
served with the naked eye until 3 to 6 weeks after 
the wound is closed. They are noted as hypervas- 
cular, dark red, indurated, almost cartilaginous, 
hard, excessively strong, itching, tender, raised ar¬ 
eas at the site of an injury. They may be noted at 
donor sites if these are taken into the dermis or if 
the healing donor becomes infected. The myofibro¬ 
blasts remain active, dynamically remodeling for 
more than a year. Keloid is often used to designate 
a larger, thicker scar that grows beyond the limits 
of the original injured area. The time of scar onset, 
duration, and regression vary. However, the scar is 
usually noticed in the first months after healing is 
complete. If epithelization requires more than 2 to 
3 weeks, the scar usually raises above the level of 
the surrounding tissue. By the third to sixth week, 
the scar becomes hard, at which time the soldier 
and physician usually are interested in beginning 
treatment. The hypertrophic scars spontaneously re¬ 
gress, partially, 1 to 3 years after healing. This re¬ 
gression is age dependent. 

The maximum height of scar elevation is usually 
seen at 3 to 9 months following healing, after which 
regression begins. Scars will not regress fully if the 
tissue contours have been altered during the inflam¬ 
matory phase of healing, when the myofibroblasts 
were forcefully contracting. Total contact external 
vascular support by an elastic garment, cast, or plas¬ 
tic orthosis over the healing area reduces circulation, 
prevents edema, and thereby, interrupts scar buildup. 

Factors that influence increased formation of 
hypertrophic scars include: 

• the presence of infection or necrotic mate¬ 
rial in the wound or both, 

• inflammatory response, 

• foreign bodies imbedded in the tissue, 

• suture materials that act as foreign bodies, 

• crushing or irritating the wound during 
surgical procedures or wound debride¬ 
ment, and 

• topical antibiotics that increase the vascu¬ 
larity of the wound. 

Another factor that increases hypertrophic scar 
formation is tension on the healing wound. Tension 
might result from tight grafts, contractures, mature 
shortened scar cords in a constantly stressed area 
such as the anticubital fossa, burns that cross lines 
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of relaxed skin tension, the normal skin elasticity 
of teenagers, and collagen overgrowth during 
prolonged debridement and healing. Other influ¬ 
ences are a familial predilection or the racial predi¬ 
lection of more darkly pigmented races to form overly 
protective scars. Because the newly formed cells are 
especially susceptible, the growth hormones of preg¬ 
nancy, puberty, and childhood increase the dura¬ 
tion and intensity of dynamic scar build-up. 

Hypertrophic scars can be decreased by meticu¬ 
lous, gentle wound care; early, thorough wound 
excision by an experienced surgeon; and avoiding 
removal of adherent epidermal cells during dress¬ 
ing changes. Discontinuing topical antimicrobials 
that are fibroblastogenic as soon as practical, main¬ 
taining adequate nitrogen balance and zinc and vi¬ 
tamin levels, and avoiding wound infections also 
positively influence scar formation. 

Effective scar management includes external vas¬ 
cular support, which is begun as soon as wound 
healing is adequate so the support does not adhere 
to the injured tissues^^®'^^^ (Figure 10-82, Vascular 
support for (a) superficial burn, (b) superficial par¬ 
tial thickness burn, (c) split thickness donor, (d) deep 
partial thickness burn, (e) full thickness burn, and 
if) full thickness donor). Unless worn only for pro¬ 
tection, the external vascular support appliance 
must apply continuous pressure in a gradient man¬ 
ner. The pressure must be adequate to decrease cap¬ 
illary circulation and must be continued until the 
scar matures. Pressure adequate to decrease edema 
and compress scar tissue cannot be applied to the 
middle of an extremity without impairing lym¬ 
phatic return. Therefore, the principle of gradient 
pressure, the most support at the distal limb and 
the least at the proximal limb, is important. The 
hand or foot must always be supported in some 
manner. During the day for instance, a laced shoe 
can support scar tissue and provide a satisfactory 
outcome. A clean shoe must then be worn at night 
or the vascular support fitted over the foot. Al¬ 
though scar tissue usually looks shiny and is lighter 
in color than surrounding tissue, the optimal final 
healed wound should appear flat, soft, mobile, du¬ 
rable, supple, of proper color, and have minimal 
thinning and wrinkling. 

The healed wound, donor, and grafted areas are 
evaluated for application of external vascular sup¬ 
port when open areas are smaller than 3 cm^ on the 
trunk or leg and 1 cm^ on the face or hand, and 
when the tissue is durable enough to tolerate the 
shear of garment application. A thin, moist contact 
layer prevents the external vascular support appli¬ 
ance from sticking to the epithelium at the wound 


edge. The elastic wraps or garment should be 
soaked off during bathing to prevent denuding skin. 
When coarse mesh gauze wrap, such as Kerlix 
(Kendall Healthcare Products Co.), or fine mesh 
gauze, such as Unna, are used as a contact layer, a 
nylon stocking may be used to allow donning the 
support without rolling the bandages. The nylon 
stocking is left in place under the external vascular 
support wrap or garment. As the wound matures, 
the individual stops using the contact layer, gauze, 
or nylon stocking and applies the support directly 
to the healed skin. 

The most distal part of the extremity, that is the 
hand or foot, must be properly managed first. Even 
if the upper arm is developing thick, rope-like scars, 
the hand must tolerate support before the arm is 
included, and the elbow must be supported with¬ 
out causing damage before the upper arm is sup¬ 
ported. When it takes several weeks to achieve tol¬ 
erance of support garments for the hand or foot, 
the more proximal scar tissue will still respond to 
support and become softer and lighter in color when 
the full limb garment is begun. 

The most universally used early external vascu¬ 
lar support is the elastic bandage wrap, applied in 
a gradient figure-8 manner, from toe to groin. Since 
early excision and grafting has become the rule, 
external vascular support has rarely been provided 
in the acute phase of healing for the head, neck, 
upper extremities, and trunks. Once wound closure 
is complete, a wide variety of commercially avail¬ 
able off-the-shelf support designs are available (Fig¬ 
ure 10-83). Many patients tolerate the cotton and 
rubber prefabricated garments well, the scars recede 
and no other support is needed.In addition, fab¬ 
ric with varying elasticity characteristics is avail¬ 
able from most custom measured garment manu¬ 
facturers, and custom fitted orthoses of multiple 
types are also available for external vascular sup¬ 
port and scar compression. 

Contracture and Scar Management 

Head and neck. Facial skin is loosely connected 
to underlying structures. If this connective tissue is 
allowed to contract around the face or neck, per¬ 
manent, grotesque distortion of the nose, eyelids, 
mouth, ears, and neck may result. When the wound 
extends into the reticular dermis and heals sponta¬ 
neously, an unnecessarily bulky, hard, red scar will 
almost certainly occur. Similar distortion during 
healing is noted when the wound is on the loose 
anterior or lateral neck (Figure 10-84). The benefi¬ 
cial use of external vascular support equal to capil- 
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a 


b 


Fig. 10-82. Vascular support after burn injury, (a) Shallow, superficial burn and (b) Superficial partial thickness burn. 
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c 


Fig. 10-82 continued. Vascular support after burn injury, (c) Split thickness donor. 
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d 


e 


Fig. 10-82 continued. Vascular support after burn injury, (d) Deep partial-thickness burn, and (e) Full-thickness burn. 
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Fig. 10-83. Prefabricated external vascular support gar¬ 
ments, Isotoner gloves, Tubigrip long sleeve shirt and 
long leg pants. 



Fig. 10-82 continued. Vascular support after burn injury. 

(f) Full-thickness donor site. Fig. 10-84. Contractures of the neck. 
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lary pressure, which compresses and supports the 
healing burn wound, is widely utilized for the face 
and neck. 

A variefy of appliances are available fo manage 
face and neck scars. An accurafely fitting, total con¬ 
tact, transparent facial orfhosis worn 20 hours a day 
during fhe mafurafion phase of wound healing is 
one mefhod fo prevenf disforfion of facial confours. 
A less expensive, less fherapisf-infensive, buf less 
fhan opfimal, mefhod of modifying fhe scar fissue 
is a cusfom measured elasfic hood fhaf secures a 
cusfom made silicone facial inserf. However, used 
alone, an off-fhe-shelf hood or chin sfrap or even a 
cusfom measured elasfic hood are ineffecfive be¬ 
cause fhe elasfic garmenf cannof conform fo hyper- 
frophic scars in concave areas. Scars in concave ar¬ 
eas, such as under fhe mandible, need an inserf for 
compression (Figure 10-85). Off-fhe-shelf hoods can 
be modified fo decrease perspirafion by replacing 
fhe crown of fhe hood wifh X-cross elasfic sfraps. 
Pafienfs wearing exfernal vascular supports or 
orthoses for fhe face and neck musf be closely ob- 




Fig. 10-85. Hood with pocket used to secure compres¬ 
sion insert. 


Fig. 10-86. Clear facial orthosis. Xeroform gauze is used 
on the chin. 

served for complicafions such as sleep apnea,^“ 
changed bone growlb,'^*” and posferior migrafion of 
fhe feefh. Pafienfs who have severe breafhing prob¬ 
lems may need observafion for sleep apnea and oxy¬ 
gen safurafion moniforing overnighf fo defermine 
opfimal safe nighf positioning. Sleep apnea moni¬ 
tors used at home are very disruptive to the family 
and, fherefore, hiring a nighf affendanf fo check 
breafhing af shorf infervals of fime is more appro- 
priafe. 

A properly fiffing clear plasfic facial orfhosis will 
compress fhe fissue againsf fhe underlying skelefal 
surface fo preserve nafural confours. The person 
wears a fhin disposable confacf layer such as 
Xeroform (Chesebrough Ponds, Inc.) over infecfed 
facial hair follicles (Figure 10-86). This is changed 
whenever the mask is removed. If heaf rash devel¬ 
ops, a fhin paper towel sheef may be used and dis¬ 
carded each fime fhe mask is removed. The person 
musf learn fo speak slowly and enunciafe clearly 
fo be undersfood while wearing the orthosis. The 
orthosis is removed for chewing and for oral sfrefch- 
ing exercise. 

A properly fiffing neck orfhosis is more difficulf 
fo achieve because fhere are no bony landmarks on 
fhe anferior neck, fhe larynx musf move during 
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Burn Rehabilitation Outpatient Home Care Program 

THE TRANSPARENT FACE MASK HOME INSTRUCTIONS 



Transparent day orthosis 


Night orthosis is worn with mouth stretching 
orthosis, nose cones, and eye humidity domes. 

Transparent night orthosis 


PURPOSE The splint maintains normal face contours, decreases pain and itching, prevents contractures, 
minimizes scars and moisturizes tissue. 


WEAR Continuously, except to bathe, eat and exercise. (20 hrs/day) 

NEVER LEAVE MASK OFF LONGER THAN ONE HOUR!!!!!! 

APPLY _Directly to skin. (Kerlix patch if needed) 

_Over or _under elastic elastic hood. 

SPLINT Splint is plastic. Wipe with soapy cloth and cool water. 

CARE Rinse well. 

Dry thoroughly before re-applying. 

Clean splint hourly, decreasing to daily. 

SKIN Observe face for swelling or poor circulation. Observe skin under splint for reddened areas and 
CARE call therapist if rash or breakdown is observed. 

Do exercises thoroughly before applying splint to prevent rubbing. 

Wipe splint and skin dry as needed. Re-apply splint quickly. 

Normal skin will gradually decrease perspiring. Burned skin will not sweat. 

Do not perforate splint in any red areas!! 

Wear gauze or towel to keep skin dry, if needed. 


ALWAYS BRING ALL SPLINTS AND MOUTH INSERTS TO CLINIC! 

Problems with open areas or infections must be referred to the doctor, clinic, and therapist. 

If patient will be in sunlight, wear sunscreen under splint when removing splint for exercise. 

Have teeth checked by a dentist or orthodontist prior to beginning to wear this splint. Dentist or orthodontist 
should check for tooth alignment, decay, and hygiene at least every 3 to 4 months and up until 6 months after 
wearing the orthosis. 

SPLINTS ARE FLAMMABLE. DO NOT EXPOSE TO SOLVENTS, OPEN FLAME OR CIGARETTES. 


Fig. 10-87. Burn rehabilitation outpatient home care program. Reprinted with permission of Regions Hospital 
(formerly, St. Paul-Ramsey Medical Center), 640 Jackson Street, St. Paul, MN 55101-2595. 


speech or swallowing, and the sternocleidomastoid 
muscles change as they contract and relax for neck 
movement. However, with practice, a neck ortho¬ 
sis may be fitted that reduces edema and supports 
the tissue between the sternal notch and the chin at 
the maximum possible length. Neck hyperextension 
alone will not prevent neck contractures. Because 


the shortest distance between two points is a 
straight line, the neck skin migrates anteriorly and 
forms a neck confracfure wifh bands around fhe 
neck. The nighf neck splinf incorporafes some hy- 
perexfension. The head is in fhe neufral posifion for 
fhe day neck orfhosis so fhe person can read and 
walk safely wifhouf having fo bend forward caus- 
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ing strain at the hips or back. The day position re¬ 
sembles "hanging" from a rope under the chin. 

Written wearing instructions are given to each 
wearer (Figure 10-87). Some individuals ask for 
wallef idenfificafion cards indicafing fhe facial 
orfhosis is a medical necessify. If quesfioned 
by aufhorifies, fhis card can idenfify a resource 
fo call for verificafion fhaf fhe person needs fhe 
splinf. 

Alfhough orfhofic use is very helpful fo achieve 
an opfimal oufcome for fhe mafuring face or neck 
burn, fhe orfhofic device alone will nof creafe a 
mobile, supple scar. Wearing an orfhofic device fhaf 
causes decubifi increases fhe inflammafory process 
and worsens final oufcome. The wearing of an 
orfhosis never replaces AROM fo improve fhe qual¬ 
ify and lengfh of fhe healing epifhelium and un¬ 
derlying connecfive fissue. Wearing a facial orfho¬ 
sis can exacerbafe oral confracfures. Syringe cases 
assisf fhe pafienf fo sfrefch fhe horizonfal oral open¬ 
ing fo fhe same disfance every day (Figure 10-88). 
Proper use of nongreasy sun screen and fhe use of 
adequafe medicafion fo decrease prurifus assisfs fhe 
individual fo avoid damaging newly healed fissue. 
Exercise (see Figures 10-69, 10-88, and 10-89) re¬ 
duces facial and neck edema, meficulous hygiene 



Fig. 10-88. Mouth stretch using syringe cases. 


decreases the inflammatory process, and gentle 
massage prevents selective tethering of fhe skin fo 
fhe underlying wound or muscle. When fhe skin is 
fefhered, if wrinkles and makes fhe mafure scar ob¬ 
vious fo an observer. 

Affer fhe fissue becomes lighf in color and fhe 
scar is mafure, fhe orfhofic supporf is disconfinued. 
Because fhe capillaries have nof developed normal 
tone, fhere is an inifial hyperemic response. The 
likelihood of scar build up affer fhe face or neck 
orfhosis is disconfinued can be decreased by ini- 
fially having worn a properly filling orfhofic de¬ 
vice, having had frequenf revisions made as fhe 
wound changed, and having confinued use of fhe 
orfhosis unfil fhe scar was mafure, and fhen by con- 
finuing frequenf follow up visifs fo review wound 
changes. 

Filling a casually wifh a fransparenf fofal con- 
facf orfhosis is a four-sfep process. The firs! sfep is 
faking a negafive impression of fhe face or neck. 
The whole process of faking fhis impression re¬ 
quires approximafely 15 fo 30 minufes for an expe¬ 
rienced fherapisf or orfhofisf. Scalp hair is confained 
in a surgical cap and fhis is faped in place. Hairy 
surfaces such as eyebrows are coaled wifh pefrola- 
fum fo lacilifafe moulage removal. Alginafe denial 
impression maferial, prepared in cool wafer, is 
spafulafed in a flexible bowl unfil fhe mixfure 
is bubble free. If is poured over fhe face, leaving 
an oral or nasal airway. Some cenfers use Dupli- 
casfinsfead of alginafe for fhe confacf layer of fhe 
moulage. In fhis case, fhe skin musf be well lubri- 
cafed fo allow removal of fhe moulage. A gauze sfrip 
may be imbedded as fhe alginafe or elastomer sefs, 
before fhe enfire moulage is reinforced wifh four 
layers of fasf selling plasfer bandage sfrips. The 
reinforced moulage sefs in fwo minufes, fhe soldier 
sifs forward, inhales, and genfly puffs air info fhe 
closed moulage fo break fhe vacuum. Wifh a genfle 
fug on fhe adjacenf skin, fhe moulage falls away 
from fhe face. Care musf be used fo refurn fhe back 
of fhe model fo ifs original dimensions, or fhe posi- 
five plasfer casf will be wide af fhe back of fhe jaw 
and ears, causing unnecessary carving for proper 
fif of fhe mask. Some cenfers use silicone elasfomer 
fo fake facial impressions. If is imporfanf fo prac- 
fice wifh fhe cafalysf and elasfomer fo assure fhe 
maferial has complefely sef-up. Removal of liquid 
elasfomer is complicafed, can desfroy fragile skin, 
and is painful. 

The neck moulage is faken by massaging plasfer 
sfrips around fhe scarred areas of fhe neck, leaving 
a back opening for removing fhe plasfer from fhe 
neck. The neck and any hairy areas fo be included 
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DO EXERCISES AT LEAST FOUR TIMES EACH DAY 


(1) Remove splint. (2) Exercise. (3) Wash skin and splint. Dry well. (4) Reapply splint after exercise. (5) Do not leave splint off 
longer than f 0 minutes. (6) Repeat exercises for both sides of face. (7) Hold each stretch at least for 2 minutes. (8) When skin will 
tolerate more stretch, increase case size. 


To keep facial tissue loose 
and mobile, slowly stretch 
the cheek by placing a 
syringe case between the 
teeth and into the pouch of 
one cheek. The corner of the 
lips on the opposite side of 
the mouth is also stretched. 


Stretch both corners of the 
lips backward. Pull them into 
a large “EEE” by placing the 
syringe case between the 
teeth and pulling backward 
at the corners of the mouth. 
This is the second exercise 
to do with the cone-shaped 
stretching device or syringe 
case. 


The third exercise stretches 
the corner of the mouth. Slide 
the cone between the cheek 
and the teeth. This stretches 
one side of the lips and cheek 
pouch. Hold the stretch on 
each side for a count of 60. 


The fourth stretch uses two 
cones, one in each side of 
the mouth. Slide one 
syringe case between teeth 
and corner of lips on the 
most difficult side. Then 
slide the second device in, 
crossing the syringe cases 
at first. Both corners of the 
lips and both cheek 
pouches stretch. Hold for a 
count of f 00 or longer. 



Fig 10-89. Face exercise program for home care of burn rehabilitation outpatient. 


are well lubricated with petrolatum, or an equiva¬ 
lent, to facilitate removal of fhe negafive mold wifh- 
out removing hair. Two or fhree layers of plasfer 
sfrips are placed in progressive layers from fhe 
lower lip and ear area fo 1 in. below fhe sfernal 
notch. The first strip is massaged into place around 
the ears and chin, then the second is attached, and 
then the third is placed over the lower neck and 
clavicle area and folded info a "V" shape fo con¬ 
form fo fhe anferior neck. This negafive mold is re¬ 
moved and used fhe same way as the alginate and 
plaster facial mold. 

The second sfep in fitting a casually wifh fhe 
proper orfhosis is forming a posifive plasfer casf of 
fhe casualfy's face or neck. The posifive plasfer casf 


fakes approximafely 20 minufes fo finish, depend¬ 
ing on fhe setting fime of fhe plasfer. The following 
maferials are needed: 

• 12-minufe impression plasfer, 

• plasfer spafula, 

• mixing whisk, 

• Flexible, 4-in. angled reinforcemenf bar or 
bolt, 

• petroleum jelly, 

• a plaster stand, 

• a clay modeling tool or tiny spoon, 

• file, 

• sandpaper, 

• fiberglass sanding sfrips. 
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• cloth strips; and 

• a vise. 

Openings for the nose or mouth are closed with 
Jeltrate (LD Caulk Division) and supported with 
plaster strips. The bowl shape is formed wifh plas¬ 
ter strips over a paper towel to close the top and 
the bottom of fhe form. Bubble-free impression plas¬ 
ter is mixed in equal parts of wafer to plaster and is 
poured immediately onto the lubricated negative 
impression. This positive cast must be made imme¬ 
diately because alginate shrinks rapidly once mixed 
with water and exposed to air. When the anterior 
or deep portion of fhe mold has firmly sef, fhe resf 
is filled wifh plasfer and an angled bar or bolf is 
incorporafed info fhis parf. The mold sefs in 20 min- 
ufes, whereupon fhe bar is clamped in a vise and 
fhe alginafe and plasfer are gently separated. Spe¬ 
cial care is needed to remove the alginate over the 
nose area because the poorly reinforced profrud- 
ing nose breaks off easily. A paper clip can be 
dropped info fhe plasfer fo reinforce fhe nose, buf 
fhis may complicafe carving lafer. The neck is pre¬ 
pared in fhe same manner, excepf fhe plasfer is more 
likely to adhere to the positive cast without the al¬ 
ginate interface, and addifional care musf be used 
during separafion. 

The bar or bolf is firmly clamped in a vise and 
fhe surface of fhe plasfer model is painsfakingly 
smoofhed wifh a modeling fool, a small spoon, and 
Durife clofh. The hyperfrophic scar defails are 
marked wifh marking pen and smoofhed off in fhe 
plasfer mold so fhaf fhe plasfic mask will provide 
adequafe fofal confacf pressure fo fhe mafuring face 
or neck wound. Finally, fhe mold may be buffed 
wifh a clofh sfrip to provide a polished surface over 
which fhe plasfic mask will be shaped. This tofal 
process fakes abouf 30 minufes. 

The fhird sfep in lifting the orthosis is fabri¬ 
cating the transparent plastic orthosis over the 
finished plasfer casf. This may be done wifh a 
vacuum former or by hand, genfly pressing fhe plas¬ 
fic over fhe plasfer. This process fakes 15 minufes, 
more or less, depending on fhe fherapisf's pasf ex¬ 
perience. When fools fail or if the plastic bubbles, 
completion time is extended. Materials needed in¬ 
clude: 

• a 25.40 X 30.48 cm sheet of copolyesfer, 

• a sheef of clear plasfic, 

• a foasfer oven (204°C/400°F dry heaf), 

• a heaf gun wifh spof-heafer atfachmenf, 

• mefal files, 

• 3-0 sfeel wool. 


• ufilify knife, 

• felf cuffers, 

• scissors, 

• Dremel mofor tool with cutting blades and 
sanding drums, 

• a round punch or drill press, 

• four elasfic Orfhobands, 

• four rivefs, 

• hammer, 

• anvil, 

• vise, and 

• fwo pairs of double gloves. 

The sheef of copolyesfer is heafed in an (204°C/ 
400°F) oven for 1 fo 5 minufes and genfly draped 
over fhe mold while fwo people carefully depress 
the plastic into the contours. This must be done 
quickly since the plastic cools in less than Iminute. 
Orthotics laboratories do this with a vacuum 
former. The excess plasfic maferial is fhen removed 
and openings are cuf for fhe eyes, nose, and moufh. 
The sfraps are affached in an "X" paffern from fhe 
femple fo behind fhe opposife ear wifh fhe fop of 
fhe "X" anferior fo fhe crown of fhe head. This tofal 
process can take from 30 minufes fo 3 hours. 

The fourfh, and by far fhe mosf difficulf sfep in 
this fitting process, is revising the mask to be cer¬ 
tain of accurafe fofal confacf pressure on fhe heal¬ 
ing tissue. This is time consuming. It may take sev¬ 
eral hours. Sometimes the center of fhe face is all 
thaf can be fiffed in one visif. Revisions of small 
areas musf be done af each visif. Some less acfive 
scar areas can waif unfil later visits. As more dense 
scars soften and thin, these areas are revised for 
improved pressure. 

Once fhe orfhosis is sfrapped in place, fhe evalu- 
afion for revisions and fif begins. Areas of fhe hy¬ 
perfrophic scar are observed fhrough fhe plasfic. If 
fhey do nof blanch, fhe areas are marked, trans¬ 
ferred to the plaster model, and the plaster is carved 
down to develop gently rolling final contours. The 
plasfic orfhosis is changed unfil all scar fissue is flaf- 
fened againsf fhe underlying bony contour. Scarred 
areas fhaf need addifional pressure can be revised 
by cuffing away the plaster and spot heating the 
plastic with a heat gun. The transparency of fhe 
plasfic mask permifs confinuous assessmenf and 
precise remolding. If fhe scars are very irregular and 
fhick, fhe plasfer posifive musf be gradually shaved 
off so fhe plasfic mask will provide consfanf, tofal 
confacf pressure. Excessive pressure applied before 
fhe scar has begun fo soffen can cause ischemic ne¬ 
crosis of fhe fissue. Too much undisfribufed pres¬ 
sure in fhe areas overlying fhe gums can irrifafe 
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gum tissue. The pressure should be applied in a way 
to "capture" the scar and distribute pressure evenly 
over the total scar, not just in the center of the scar. 
The plastic will tolerate at least four fo six reheaf- 
ings for revisions before if bubbles or becomes foo 
briffle or foo flexible fo apply adequafe pressure. 
Inifially, fhe revisions for fofal face confacf are done 
weekly; as fhe scar fissue mafures, longer infervals 
are possible. A new plasfer mold is needed only if 
head growfh fakes place or fhe plasfer posifive has 
been carved beyond repair. 

The mask musf be worn af leasf 20 hours a day 
fo affain fhe desired resulf. A plasfic orfhosis fhaf 
does nof conform fo fhe contours of fhe underlying 
skelefal sfrucfure is nof likely fo confrol fhe hyper- 
frophic scar acfivify even if if is worn 20 hours a 
day. Alfhough pafienfs somefimes leave fhe orfhofic 
appliance in a drawer and expecf scar relief by wiz¬ 
ardry, wearing fhe splinf for a year or more is fhe 
only successful way fo modify fhe scar. 

If possible, when fhe enfire face is scarred, if is 
preferable fo confrol fhe forehead scars wifh a wide 
elasfic head band; and fhe nose, cheeks, and chin 
wifh fhe fransparenf facial orfhosis. This fechnique 
permifs more freedom for mofion of fhe jaw and 
facial muscles and less shearing force on fhe healed 
skin when fhe pafienf falks. 

The casualfy may require an orfhodonfic refainer 
fo prevenf posferior displacemenf of fhe feefh. If 
microsfomia is a problem, fhe pafienf musf also 
wear a moufh-sfrefching device. Af leasf 4 half-hour 
exercise periods musf be sef aparf each day for fhe 
pafienf for exercise. The mask musf also be removed 
for 3 half-hour meals daily and for a 30-minufe 
shower. Pafienfs are encouraged fo exercise and eaf 
in 3 one-hour periods af fhe usual fimes, and fo 
bafhe and exercise before bedfime. The mask is 
never off for more fhan 1 hour af a fime. Pafienfs, 
family, and nurses need a written wearing sched¬ 
ule and insfrucfion card (see Figure 10-87). 

A special orfhosis may be fiffed fo keep fhe nares 
pafenf. Custom fiffed inserfs may be made of soff 
silicone or hard acrylic. A separafe nose orfhosis 
may be fiffed under fhe clear facial orfhosis fo main- 
fain pafenf nosfril openings. 

If fhe ear meafus is scarring closed, if can be 
mainfained wifh a silicone elastomer inserf or a hard 
plasfic or acrylic inserf. An "Oysfer shell"^^® 
orfhoses can be fiffed fo preserve fhe uprighf pinna 
of fhe ear and fo reduce hyperfrophic scars over fhe 
oufer ear. These are very complex and difficulf 
orfhofics fo fif and wear. 

There are several prosfhefic companies fhaf fif 
prosfhefic noses and ears as well as ofher parfs. The 


Life-Like Laborafory, 2718 Hollandale Lane, Suife. 
400, in Dallas, Texas 75234, will provide fhese by 
mail order if an accurafe model of fhe pafienf's 
head, color phofographs, and a prescripfion is sup¬ 
plied. 

Hypertrophic Scar, Edema, and Contracture 
Management of the Thorax and Limbs 

As soon as fhe wound or donor fissue have no 
open areas larger fhan 3 cm^, exfernal vascular sup- 
porf managemenf of edema and scar compression 
is inifiafed (see Figure 10-83). Alfhough early con- 
finuous vascular supporf for hyperfrophic scar 
freafmenf is well accepted, debate confinues regard¬ 
ing fhe opfimal pressure for fhese supporfs.^^® The 
majorify of liferafure indicates fhaf 25 mm Hg is 
necessary for scar freafmenf in order fo exceed fhe 
level of capillary pressure.'^” The lowesf was re- 
porfed af 4 mm Hg fo 5 mm Hg. Some clinicians 
sfress fhaf correcf measuring of pressure in mm Hg 
againsf varying densify of bone, muscle, and f af and 
differing body surface confours is impossible. Pres¬ 
sure measuremenf is probably nof as imporfanf as 
having a fif fhaf confrols fhe scars and does nof 
cause decubifi or nerve damage. If is suggested fhaf 
children need less fhan 10 mm Hg fo 20 mm Hg. A 
pafienf should be given fhe leasf pressure in fhe 
supporf fhaf will decrease edema and modify fhe 
scar. Fricfion and shearing, especially af fhe elbows, 
axillae, and knees causes increased fibrofic reacfion; 
chronic open areas develop and final wound reso- 
lufion is slowed. Adequafe supporf is posfulafed 
fo enhance progressive devascularizafion of hyper¬ 
frophic scar fissue and fo speed wound mafu- 

rify 118-120 

The inifial purpose of fhe exfernal vascular sup¬ 
porf is fo profecf fragile, newly healed skin from 
blistering; improve venous and lymphafic refurn; 
decrease exfremify pain; decrease ifching; prevenf 
sunburn or frosfbife; moisfurize epifhelium; modify 
overly bulky, fhick, hard, scars; and elongate ma- 
furing confracfure bands. Complefe baseline de- 
scripfions of fhe healed wound, any open areas, and 
areas of early scar sympfoms or confracfures are 
documented. Pafienfs usually have signed a release 
for phofographs, which become a parf of fhe medi¬ 
cal record. These phofographs are faken af regular 
infervals fo reveal scar changes. The leasf abrasive 
exfernal vascular supporf is inifiafed fo increase fhe 
durabilify of fhe epifhelium. Gradually, fighter sup- 
porfs are infroduced unfil maximum scar confrol is 
achieved wifhouf circulafory or nervous sysfem 
complicafions. 
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External vascular support is initiated in the 
posthealing phase when staples are out, grafts are 
stable, and most open areas are dry. Gradient elastic 
wrapping progressively decreases the rate of applied 
pressure from fhe bandage and is changed according 
fo a variable magnifude.'^^ Elasfic bandaging fhaf 
is fhe fighfesf af fhe disfal end and loosesf af fhe 
proximal end of fhe limb simulafes fhe pressure of 
wafer againsf a limb when verfical in a swimming 
pool, which pressure will improve venous and lym- 
phafic refurn. This kind of bandaging can prevenf 
hemorrhage of granulation fissue or hemafomas un¬ 
der recenfly adherenf STSG, and if will relieve blis- 
fering on dependenf limbs (see Figure 10-27). 

Generally, burned legs have been supporfed 
wifh figure-8 elasfic bandage wraps from fhe acufe 
injury fhrough discharge from fhe hospifal fo 
facilifafe ambulafion, prevenf pain, and lower 
exfremify edema or hemorrhage.These elasfic 
wraps are applied while fhe soldier is recumbenf, fo 
avoid edema and poor venous refurn when sfanding. 
In cases of severe edema or poor qualify elasfic ban¬ 
dages, double bandages are used. Sfudies have 
shown early ambulafion on fhe fhird fo sixfh day af- 
fer graffing is safe, using an Unna supporf, which is a 
fine mesh, nonbias gauze medicafed gelocasf dress¬ 
ing impregnafed wifh zinc oxide^^^'^^^ (Figure 10-90). 
Wrapped in a spiral or figure-8 paffern around a 
lower exfremify graff, a nearly healed burn or a 
donor area wifh small open areas, fhe Unna 
([ConvaTec] ER Squibb & Sons) dressing will dry 
fhe wound, accelerafe healing, and provide durable 
supporf and profecfion. An Unna dressing can be 
worn for 3 fo 7 days in befween changes. When fin¬ 
gers or hands are edemafous and draining, fhey 
may respond fo early edema managemenf wifh 
Unna dressings along wifh elevation and exercise. 
When presenf, open fendons should be profecfed 
from fhe drying of an Unna dressing by a confacf 
layer of Duoderm ([ConvaTec] ER Squibb & Sons) 



Fig. 10-90. The lower extremity, wrapped in a Unna dress¬ 
ing, is ready for the elastic wrap. 


or other moisturizing dressing and the dressing 
must be changed daily. When the extremity is 
healed, it is usually durable enough for fubular ex- 
fernal vascular supporf fo begin on a foof and leg 
or Isofoner gloves on a hand. The prefabricafed gar- 
menfs are made of a variefy of maferials from uni- 
direcfional, sfrefchable, rubber, elasficized coffon, fo 

elasficized nylon, nylon/spandex, spandex, and 
122 

rayon. 

The casually is given wriffen directions for care 
of fhe wound and fhe exfernal vascular supporfs 
(Exhibif 10-4). Elasfic bandages are hand washed, 
rinsed well, and hung or laid over a nef fo dry. Some 
supporfs can be machine washed and dried. Ofh- 
ers are hand washed in a mild soap (such as sham¬ 
poo buf nof defergenf), rinsed fhoroughly, and air 
dried. The second supporf is worn while fhe firsf 
one is being cleaned. If is helpful fo dale or number 
fhe supporfs fo keep frack of fheir age. 

Skin covered wifh supporf garmenfs may de¬ 
velop offensive odors. Daily bafhing, washing open 
areas and body wrinkles fhoroughly, drying skin 
meficulously, and applying a lotion every day im¬ 
proves wound hygiene. Lotion should be rubbed 
in well prior fo donning fhe supporf garmenf. 
Heavy pefrolafum or oil-based lofions should be 
avoided because fhey liquefy nafural sebum and if 
is fhen washed away. Wearing deodoranf is appro- 
priafe if if does nof cause confacf dermafifis. If blis- 
fers form or open areas increase in size, discontinue 
fhe supporf garmenf, resume elasfic wrapping of 
fhe exfremify and explore fhe causes of blisfering. 
If excoriation is from scrafching, increase or change 
fhe anfihisfamine medications. Confinue ambula¬ 
fion and exercise. If movemenf is causing open ar¬ 
eas, exercise may be done in bed in an elevafed 
posifion before fhe elasfic wraps are applied until 
fissue becomes more durable. Drain fhe blisfer from 
fhe edge if fhe area is spreading from fhe pressure 
of elasfic wrap. Drained seromas or hemafomas 
need a pressure dressing fo prevenf fhem from re¬ 
forming. Apply a small dressing over fhe blisfer, 
under fhe garmenf. If may be necessary fo remove 
elasfic wraps when fhe casualfy is lying down fo 
help open areas heal. Once fhey heal, resume 23- 
hour-a-day use of fhe exfernal vascular supporf 
garmenf. If is normal for casualfies fo develop blis- 
fers for several monfhs because absenf dermis does 
nof regenerafe and fragile skin very slowly devel¬ 
ops refe pegs, which increase durabilify. Affempf 
fo confinue fhe garmenfs as folerafed. The garmenfs 
are applied direcfly fo fhe skin as soon as if becomes 
durable enough fo folerafe fhem. Very fragile skin 
may be painfed wifh Merfhiolafe or fincfure of ben- 
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EXHIBIT 10-4 

OUTPATIENT HOME CARE PROGRAM: TUBIGRIP EXTERNAL VASCULAR SUPPORTS 


PURPOSE: 


WEAR: 


Compression sleeves, stockings, and garments support newly formed blood vessels; 
prevent swelling; decrease itching; decrease the thickness of scars; help scars elongate; 
help moisturize skin; and protect fragile, newly healed skin from blistering. Tubigrip is a 
rubber and cotton material that comes in either presized tubular rolls, premade garments, 
or shaped support bandages. 

Continuously, all the time except during a bath or when applying lotion. Never leave off 
more than one hour. 


APPLY: _Directly to skin 

_Over Kerlix wrap 

_Over nylon stocking interface 

_Over/under custom measured elastic garment. 

_Small amount of _ to open area, gauze patch, then nylon and then "tubi" 

WASHING: Wash tubis daily, by hand, in warm water and mild cleanser such as shampoo. RINSE 

WELL. Air dry or use dryer on air fluff. Rubber deteriorates when exposed to oils or 
extremes of heat. 


SKIN CARE: Keep skin very clean and dry and moisturize with lotion every day. If blisters form or 

open areas increase in size, discontinue using the Tubigrip^“ cylinder. Resume elastic 
wrapping of your extremity until checked by your doctor. 

PRECAUTIONS: Shearing of the fragile skin as the Tubigrip^“ is donned should be avoided. A coffee can 
may be helpful to stretch the tubi as it is donned. Do not wear the tubi if it is causing 
sores. Padding usually makes the tubi tighter, so check with the therapist before adding 
padding. If scars are getting thick and hard, check with therapist or doctor. Elastic wrap 
over the tubi until you are seen in clinic. Tubigrip cylinders must often be worn in double 
layers to adequately compress the tissue. If your extremity is swelling, report it to your 
doctor at your clinic appointment. 

If you need more Tubigrip, inform the clinic nurse. Be sure the therapist has checked the fit before you order 
more Tubigrip, especially if your scars are hard and dark red. Be sure you get the correct size. The tubular 
rolls are available in sizes A through G and J through L, the Tubigrip garments come in sizes 1 through 5. 
Shaped support bandages come in 6 sizes. 

Make a list and pick up enough supplies to last until your next clinic visit. If you are having problems with 
supplies ask your Qualified Rehabilitation Counselor, your Medical Assistance Financial Worker or the Burn 
Clinic Social Worker for assistance. 


For problems with scars, contact_. 

For problems with blisters or infections, discontinue using Tubigrip, elevate extremity, and contact your 
doctor. 


Reprinted with permission of Regions Hospital (formerly, St. Paul-Ramsey Medical Center), 640 Jackson 
Street, St. Paul, MN 55101-2595. 


zoin to dry and toughen the area. 

The supports are removed while bathing and 
occasionally during a rigorous exercise program. 
If they are left off for more fhan 1 hour, fhe area 
should be rewrapped wifh an elasfic bandage. The 
mosf disfal parf of fhe limb musf always be sup- 
porfed, so a glove, for example, cannof be removed 
for exercise or fo view fhe wound unless fhe sleeve 
and axillary supporfs are also removed. Supporf 


for fhe fhigh is inifially accompanied by supporf 
foe fo groin. When using Biker's compression shorfs 
(Figure 10-91) for fhigh donors or graffs, if is neces¬ 
sary fo observe fhe ankles for edema because fhis sup¬ 
porf may have a fourniquef effecf on fhe disfal limb. 

The exfernal vascular supporf garmenfs are usu¬ 
ally worn for 12 fo 24 monfhs wifh an average fime 
of 18 monfhs. If fhe scar process worsens, inserfs or 
overlays are added. Evenfually all scars begin fo 
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Fig. 10-91. Good donor outcome with biker's compression shorts, (a) Immature donor, (b) Biker's pants, (c) Mature donor. 


regress (see Figure 10-82). When the healing wound 
becomes soft, of proper color, and flexible, fhe gar- 
menfs are disconfinued for 3 fo 7 days. If no changes 
in scars are nofed, fhe wound is mafure and fhe 
exfernal vascular supporfs are disconfinued. There 
is a hyperemic rebound response during fhe firsf 7 
fo 21 days affer fhe supporf is disconfinued. Ini- 
fially if may be necessary for fhe soldier fo wear 
fhe garmenfs when ambulafing and disconfinue 
fhem when in bed. When sfinging and ifching are 
nofed during ambulafion or sfanding, fhe supporf 
stockings are confinued af fhose fimes. If edema and 
fhe scar process re-forms, fhe supporfs are resumed 
for anofher 3-monfh period. 

For exfernal vascular supporf of fhe hand (see 
Figure 10-46), Isofoner gloves are an economical off- 
fhe-shelf fype of supporf glove which is manufac- 
fured in fhree sizes for hands fhaf are nof exfraor- 
dinarily large or small. Elsef (Sefon/Tubifon House) 
is a lighfer fype of low fension elasfic bandage fhaf 
allows freer finger movemenf. If can be wrapped in 
fhe figure-8 "boxer" wrap when fhe soldier has ad¬ 
equate sfrengfh fo make a fisf againsf fhe elasfic wrap 
fension.The fingers can be individually wrapped 
in a variefy of 1 in. spiral wraps such as Sof-Kling 
0ohnson & Johnson) or Unna. Coban (3M Healfhcare) 
is a lighf crepe self-adherenf elasfic wrap fhaf sup¬ 
porfs fingers well buf can become foo tighf (Figure 
10-92). If also has a lighf adhesive fhaf sficks fo whaf- 
ever if comes in confacf wifh. Several compression 


companies provide elasfic digi-sleeves, also called 
edema-sleeves. A fhicker profecfive foam called 
LMB (Norfh Coasf Medical) finger pressure wraps 
can be applied wifh Velcro. A slip-on sleeve can be 
made by sewing a small secfion of Ace, coffon elas¬ 
fic, or spandex fabric. Tubifon is a finger sfockinef 
fhaf can be doubled over fhe finger fo fake up fhe 
shear when applying a glove (see Figure 10-42). If 
fhe hand ifself is nof ready for a prefabricated glove, 
if can be wrapped wifh Unna, PEG self-adhesive 
bandage. Coban or ofher elasfic wrap. The fingers 
of fhe glove can be cuf off, and if may be used as a 
gaunflef. The glove can be modified by spliffing fhe 
dorsal aspecf or side and sewing in Velcro for ease 
of applicafion. Several companies provide prefab- 
ricafed, variable-sized gloves, sleeves, vesfs, and 
panfs. The amounf of fension can be easily altered 
wifh a serger sewing machine. 

Prefabricafed garmenfs, such as fhe Tubigrip 
(Tubifon House) line, provide exfernal vascular sup¬ 
porf fo fhe frunk and limbs (see Figure 10-83).^^^ 
Measuremenfs for a prefabricafed fubular compres¬ 
sion garmenf for an exfremify or fhe frunk are faken 
from fhe widesf circumference of fhe body parf, and 
fhe appropriafe widfh fube is selecfed.^^® Tubigrip 
provides wide fape measures fhaf give you a choice 
of low, medium, and high fension selecfions. Expe¬ 
rience indicates low fension improves durabilify of 
fragile epifhelium, and high fension is appropriafe 
affer disfal exfremifies are folerafing high fension 
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Fig. 10-92. Hand external vascular supports: (a) blue soft fabric custom measured Barton Carey glove; (b) spiral 
Unna finger and hand wrap; (c) Jobst Interim glove; (d) Coban spiral finger wrap with dorsum of hand included; (e) 
Elset "Boxer" wrap over dorsum of hand; (f) Tubiton Oedema sleeves on black Isotoner glove; (g) Gray Isotonor 
driving glove; (h) Palm of leather work glove; (i) Barton Carey custom glove with soft fabric over MCP; (j) Insert 
stabilizer glove with seamless thumb design. 


support. Straight tubes are often doubled over with 
the shorter layer being next to the skin and a slightly 
longer layer on the top to avoid a tourniquet effect 
when they both end at the same place. If fhe exfrem- 
ify is a variable circumference, as in a heavy person 
or wifh someone wifh well defined musculafure, a 
fapered or shaped supporf bandage can be used. The 
regular fube can also be puf on in a single layer in fhe 
area of wider girfh and doubled over in fhe fhinner 
area. The fubes come in rolls and are cuf fo fhe de¬ 
sired lengfh. A lighfweighf cardboard sfrip inserfed 
info a wide fold af fhe proximal end of a Tubigrip 
fube decreases fhe risk of proximal rolling, which 
may cause blisfers or fhe fourniquef effecf. When 
fhe patienf has large open areas and fhe dressings 
fall off fhe trunk or legs, a nylon stocking can hold 
the dressing in place for donning the lightweight 
tubular bandage. Tubular garments can be placed on 
a metal applicator or coffee can (Figure 10-93). The 
can is broughf over fhe exfremify. Af fhe proximal 
end, fhe elasfic fubular supporf is genfly faken off 
fhe applicator as fhe applicafor is moved disfally, 
leaving fhe elasfic support on the extremity. The 


garment can be doubled back up the arm proximally 
if addifional pressure is needed. If fhe skin is du¬ 
rable and able fo folerafe fhe shearing of applying 
fhe garmenf wifhouf an applicafor, fhe garmenf can 
be applied like regular clothing. An alternate 
method is to leave the distal portion of fhe garmenf 
like normal and furn fhe resf of if inside ouf. Then 
pull fhe garment up an inch at a time, pinching the 
sides and bringing it right side out as it is applied 
proximally. A vest would be put on as a jacket. 

Weight gain and loss should be stabilized before 
measuring for cusfom garmenfs. This may fake as 
long as 6 fo 8 weeks. Cusfom garmenfs are usually 
measured circumferenfially every 1 fo iV^ in. for fhe 
exfremifies (Figure 10-94) and af fhe waisf, hips and 
chesf for fhe frunk; the measurements are noted on 
the company's ordering form. Joinfs are marked on 
fhe circumferences record and measured on fhe pic¬ 
torial form. Usually, hands and feef are drawn. Each 
company has ifs own forms, fapes, and sfyle of mea¬ 
suring. Tape measure designs include longifudinal 
paper fape wifh many cross-sections faped on the ex¬ 
tremity or a light adhesive measuring device placed 
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Fig. 10-93. Donning prefabricated Tubigrip sleeve using 
an applicator. 

directly on the body. Some tapes are circular and 
others may be weighted. Measurement information 
can be quickly and accurately communicated by 
facsimile fransmission. If a photocopy copy of fhe 
hand is used, if is senf by ground mail and facsimile, 
because on fhe original copy of fhe hand, whaf you 
see is exacfly whaf fhe hand measures; facsimile 
copies disforf fhis sizing slighfly. 

Accurate measuremenfs are faken by an OT or 
FT, a seamsfress, or a company represenfafive. In- 



depfh knowledge of fhe pafienf's injury and course 
of recovery helps plan fhe proper design and indi¬ 
vidual opfions.^“ Climafe, employmenf condifions, 
physical limifafions, and psychological sfafus also 
influence fhe garmenf fype. 

Pafienfs should be measured as early in fhe 
morning as possible when exfremifies are fhe leasf 
edematous. Measuremenfs are faken in direcf con- 
facf wifh fhe pafienf's skin, nof over clofhing or 
dressings. The fape measure should be placed 
firmly buf nof fighfly. When fhere are fwo adjacenf 
garmenfs, fhaf is, a glove and an arm sleeve, over¬ 
lap measuremenfs so fhe garmenfs fhemselves over¬ 
lap and do nof gap or pinch. When doing a fracing, 
one should use a fhin marking pen. For some digif 
ampufafions fhaf are hard fo measure, a negafive 
impression can be faken, and a posifive plasfer 
model can be made and senf off fo fhe company 
wifh fhe ofher measuremenfs. In fhese models, a 
paper clip or ofher sfabilizing piece of wire should 
be included in fhe fingers fo improve durabilify if 
plasfer, nof denfal sfone is used for fhe model. Mosf 
companies employ a bioengineer fo calculafe fhe 
correcf formula fo apply accurafe compression. The 
garmenfs are fhen produced and mailed back. The 
soldier fries fhe garmenf on af fhe fherapy deparf- 
menf (Figure 10-95). 



Fig. 10-94. A casualty is being measured for a garment Fig. 10-95. Custom measured external vascular support 
using the Jobst custom stocking measurement system. garments (gloves, sleeves, and brief with suspenders). 
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Variables that influence garment design are the 
burn site, the age of fhe pafienf, fhe burn depfh, 
fhe presence of STSGs, and fhe lengfh of fime fo 
wound healing. Multiple garment designs are of¬ 
fered by manufacfurers. Of primary imporfance is 
predicfing whefher a wound will scar and fhe loca- 
fion and size of fhe scar area. The garmenf should 
complefely cover fhe pofenfial scar area wifh a 2- 
fo 3-in. overlap af eifher end so fhaf when fhe pa¬ 
fienf moves, fhe garmenf will sfill be in confacf wifh 
fhe area being freafed. Edema and deep vein fhrom- 
bosis are always a concern, fherefore, fhe garmenf 
design musf include tissue distal to the burn. Fin¬ 
gertips and feet can be either open or closed, de¬ 
pending on the patient's needs. The toe covering 
can be of extra soft material, enclosed as a unit or 
separated individually. Netting can be used to sur¬ 
round unburned areas for venfilafion. Liners can 
be placed around joinfs wifh bony prominences. 

The garmenfs need firm affachmenf poinfs so 
fhey do not roll, slide down, or ride up. The points 
could be at the waist, forearm, shoulders, or hips. 
Ending fhe garmenf on fhe muscle belly should be 
avoided as fhe edge may consfricf when fhe muscle 
is flexed. Ending fhe garmenf direcfly on a joinf can 
decrease circulafion as well. 

For fhe hand, fhe inifial cusfom measured full 
glove wifh closed or open finger fips, slanf infer- 
digifal seams, and a fhumb design fhaf allows ra¬ 
dial and palmar abducfion wifhout losing fit over 
the dorsum of fhe hand is appropriafe. Offen fhe 
initial glove is made of soff fabric; fhe densify of 
fhe fabric is increased fo heavy dufy when fhe skin 
can folerafe fhis. A leafher palm work glove is also 
available from cusfom glove providers. Lafer, a 
gaunflef or miffen sfyle design may be used if fin¬ 
gers are nof involved. A variefy of inferdigital and 
fhumb web space adapfafions are available from 
cusfom garmenf companies. Soff fabric may be used 
around especially fragile areas such as fhe middle 
MCP joinf (see Figure 10-92). 

For fhe fhorax and limbs, a few basic designs can 
be varied in myriad ways. The fhorax garmenf can 
be a basic sleeveless vesf; or a full suif wifh long 
arms and thighs with a crotch that is opened, closed, 
or has a Velcro, zipper, or snap flap. If fhe vesf rides 
up, nof covering fhe lower frunk and a body brief 
is not desired, the vest itself can be made several 
inches longer or a heavy dufy snap or Velcro clos¬ 
ing crofch sfrap can be added. Vesfs can have anfe- 
rior or posferior closures of Velcro or a zipper. Velcro 
allows for some adjusfmenf in fhe tighfness. In a 
female, breasf cups are measured and a fronf clo¬ 
sure is used. A bra can somefimes be sewn info the 


garment instead of fhe compression fabric. Soft 
tank-top type fabric may be comforfable for un¬ 
burned breasfs. An unburned arm can have a shorf 
sleeve. Sleeveless vesfs fend fo have liffle pressure 
on fhe chesf or upper back secondary fo fhe open 
arm holes. A vesf wifh only one arm will pull fhe 
neck opening away from fhe open side, fake away 
fhe chesf and back pressure, and exaggerafe poor 
posfure. This is confraindicafed. Various lengfhs of 
arm sleeves are feasible. However, if fhe shoulder 
requires compression, a vesf sfyle is more effecfive; 
and affachmenfs keeping fhe waisf from riding up 
fo release pressure over fhe fop of fhe shoulder is 
imporfanf. If fhe axilla is irrifafed from a vesf fhaf 
rides up, a body brief or a body suif is recom¬ 
mended fo prevenf this pinching. The axillary area 
may also be made larger if no compression is 
needed fhere. Panfs can be waisf high buf if fhe 
panfs fall down several options are available. Clip- 
on wide suspenders can be used, or a wide elastic 
band may keep the waist from rolling down. If a 
vesf is also required, overlapping Velcro fabs or 
heavy dufy snaps can be used. For bilaferal fhigh- 
high stockings, a garfer belf can be used. A garfer 
belf will nof work on a unilaferal fhigh-high stock¬ 
ing. If fhe skin is durable enough, some skin adhe¬ 
sive or foam fape can be used. Knee-lengfh stock¬ 
ings and anklefs usually sfay up well, especially if 
fhe skin is well moisfurized before donning fhe 
sfocking. Zippers can be placed in any of fhe ex- 
fremifies to assist initial donning and doffing when 
fhe skin is sfill fragile. Zippers decrease fhe uniform 
compression of fhe garmenf and af fimes need fo 
be padded; if is besf to avoid them if possible. Ofher 
options to add to compression garments are inserts, 
gussets, pads, and darts. 

The initial fitting of a garmenf should always be 
done in fhe clinic rafher fhan mailing fhe garmenf 
fo fhe pafienf. This assures an accurafe measure- 
menf and fif. To be fherapeufic, fhe correcf level of 
compression should slighfly blanch fhe hyper- 
frophic scar areas. There should nof be any resfric- 
fions in mofion, compromise of circulafion, or skin 
infegrify. Color, mofion, and sensafion should be 
checked before fhe pafienf leaves fhe clinic. The fin¬ 
gers and foes should be observed for swelling, cool¬ 
ness, and duskiness, and fhe patienf should be 
asked abouf numbness or fingling. The pafienf 
should be insfrucfed fo disconfinue fhe garmenf, 
reapply elasfic wraps, and call fhe fherapisf if prob¬ 
lems occur af home. 

Applying fhe new garmenf for fhe firsf fime is 
challenging. If should fif tighfly like a wef suif, and 
if should fake several minufes to don it. A child may 
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require a back closure to keep the garment on. Chil¬ 
dren will naturally require assistance for donning 
and fastening the closures. If fhe garmenf is a trunk 
tube it can be stepped into, pulled up to the axillae, 
and sleeves pulled up or shoulder straps fastened. 
This avoids irritating the ears. If fhe ears are nof 
injured, frunk fubes may also be donned like a fee 
shirf (ie, pulled over fhe head). 

The fif can be checked by how fhe garmenf feels 
fo fhe casualfy and how fhe scars feel fo fhe experi¬ 
enced therapisf, fhrough fhe garmenf. The garmenf 
should be fighf enough fhaf if is nof possible to grab 
hold of if easily and pull if away from fhe skin. 
Shoulders, elbows, and knees should have adequafe 
relief for full AROM wifhout causing open areas. 
Lisfen closely fo any complainfs from fhe casualfy 
and evaluafe fhem accurafely. The garmenf should 
nof have wrinkles in if. Many fimes fhe firsf gar¬ 
menf does nof fif correcfly. If fhe garment fits well, 
an additional set is provided. If it is not a good fit 
alterations can be made or new measurements 
taken. Most commercial companies will replace a 
problematic garment within the first 7 days. 

The garment is worn 23 hours a day throughout 
the duration of fhe skin mafurafion process. The 
garmenf musf be removed for bafhing, and occa¬ 
sionally it is necessary to remove it during vigor¬ 
ous exercise sessions when it is causing blisters. It 
should be washed daily to remove perspiration, 
body oils, and dirt. Meticulous hygiene is essential 
for fhe skin, as well. The garmenfs should be cared 
for as fhe manufacfurer recommends. Some are 
hand washable and air dried; ofhers are machine 
washable. 

Some helpful fips may make a difference. A very 
lighf cornsfarch or powder dusfing may help with 
garment application. Remind the casualty to wash 
the powder away each day to avoid a plugged pore 
condition. Wearing nylon under the garment can 
decrease the shear on skin and increase the ease of 
applicafion. Foam pads af the joint creases of fhe 
knee and ankle can prevenf fhe garmenf from cuf¬ 
fing info fhe underlying skin. A Duoderm profec- 
five pafch on fhe olecranon, the antecubital area, or 
both, can prevent scrapes in these vulnerable spots. 
Plastic food wrap over lofion on dry, scaly areas can 
keep moisfure in and profecf fhe garmenf. In fhe 
summer, when fhe skin is prone fo heaf rash, fhe 
garmenf can be worn damp to keep the person cool. 
Some laborers carry a cooler of ice frozen in a 
sprinkle boffle to cool themselves at work. Old gar¬ 
ments are used for swimming. 


Reassessmenf is besf done weekly initially, to 
assure wearing tolerance and to watch for any com- 
plicafions and changes in weighf or muscle mass. 
If an aggressive fherapy program is nof required, 
fhe scars are becoming soff and lighf in color, 
and the patient is doing well, visits can be decreased 
to biweekly, monthly, and bimonthly through the 
maturation process. Generally, prefabricated gar¬ 
ments last only 1 to 2 months, depending on 
the patient's activity level. A new garment should 
be issued at each clinic visit until the patient has 
five garmenfs fhaf fif well. Cusfom garmenfs gen¬ 
erally lasf 2 fo 3 monfhs. Some pafienfs may require 
more fhan 2 sefs, secondary to their work or leisure 
situation. It may be necessary to set aside one set 
of garmenfs for dress and use fhe sfained ones 
for daily acfivifies. On refurn fo fhe clinic selling, 
fhe sfafe of fhe skin (confracfures or hyperfrophic 
scar fissue) is compared wifh fhe previous visif. 
Narrative or photographic comparison should be 
made. An objective score can be obtained through 
measurements based on the assessment form de 
veloped by Vancouver General HospifaP^^ (Figure 
10-96). 

If fhere are bofhersome open areas, fhey should 
be checked for infecfion. If fhey inferfere wifh mo- 
fion or cause excessive pain fhe garmenf can be re¬ 
moved for exercise. If may be necessary fo wear Ace 
bandages for a few days before reapplying fhe gar¬ 
menfs. Hands and feel should be checked for a nar¬ 
rowing of fhe fransverse arch. The burn team must 
remain alert for delayed growfh in children who are 
wearing elasfic pressure garmenfs for a long period 
of fime.^^*’ Parenfs are also taughf fo check for re¬ 
gression of skelefal growfh. The garmenf is modi¬ 
fied in response fo any complicafions, and reordered 
when if is fitting well, but the elastic is worn out. 
Remeasuring is necessary if fhere has been a sig- 
nificanf weighf change or growfh, as in fhe case of 
a child. 

The wound is mafure when fhe skin fexfure is 
soff and scars appear of proper color and are flaf 
and fhin. The skin will be more flexible wifh some 
exfensibilify. There may be some loose, excess skin 
folds appearing fo be wrinkled. Eryfhema will have 
faded or lighfened from a purple color fo red, fo 
pink, fo dark brown or whife. In people of color, 
the skin will return closer to its normal pigmenta¬ 
tion. Most of the time the pattern of a mesh graff 
can be seen. Even wifh optimal results, there is usu¬ 
ally some change in color tone. The external vascu¬ 
lar supports decrease the amount of hyperpigmen- 
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GUIDELINES FOR USING THE VGH BURN SCAR ASSESSMENT 

This document is intended to ciarify procedures forseiection of a scar and to offer guideiines for using the VGH Burn Scar Assessment Form. 
The form is composed of 3 sections: body diagram, rating scaies, data record 


1. SELECTION OF SCAR 

Prior to using the VGH assessment, pressure garments shouid be removed for a minimum of 5 minutes and the area shouid be in a 
non-dependent position. 

One or more scars are seiected at the rater’s discretion. As a guide, it is recommended that seiection be based on the scars’ 
potentiai to iimit joint range, to become excessiveiy hypertrophic or to require specific therapeutic intervention, if possibie, choose the 
perimeter of the scar to permit greater accuracy for comparison with the normal skin. The area of any scar being rated should not 
exceed 25 mm x 25 mm (I “ x I “). It is recommended that one form per scar is used to allow easy monitoring of scar maturation. 


2. BODY DIAGRAM 

Once selected, the location of the scar is circled on the schematic body 
diagram and a number is written adjacent to it. As an adjunct, Polaroid photos 
may be used, encircled and numbered in a similar manner. 


3. RATING SCALES 

In the analysis of each scar, 4 components are assessed: pigmentation, 
vascularity, pliability and height. Each component has a separate scale with 
zero as the normal reference point. 


PIGMENTATION 

This is assessed by applying pressure with a piece of clear plastic (for 
example, ‘UVEX’) to blanch the scar. This eliminates the influence of 
vascularity, so that a more accurate assessment of pigmentation can be 
made. The blanched scar is compared to a nearby blanched area of the 
person’s unburned skin. A variation from the normal skin colour indicates a 
pigment change. Scale ratings are as follows: 

0 - normal (minimal variation from the normal skin pigmentation) 

1 - hypopigmentation 

2 - mixed pigmentation 

3 - hyperpigmentation 



VASCULARITY 

This is assessed by observing the colour of the scar at rest. In addition, the scar is blanched with the clear plastic and the rate and 
amount of blood return are observed The more intense the colour return, the higher the rating. Scars which are congested and refill 
slowly or cannot be completely blanched are grouped in the purple category. 

0 - normal (colour and rate of its return, closely resembles that of normal skin) 

1 - pink 

2 - red 

3 - purple 


PLIABILITY 

This is assessed in the following manner. The scar is positioned to minimize its tension, after which it is manually palpated between 
thumb and index finger to assess how easily it distorts under this pressure. 

0 - normal (resembles pliability of normal skin) 

1 - supple (flexible with minimal resistance) 

2 - yielding (can be distorted under pressure without moving as a single unit, but offers moderate resistance) 

3 - firm (inflexible; scar moves as single unit) 

4 - banding (rope-like tissue that blanches with extension of the scar; full range of movement) 

5 - contracture (permanent shortening of scar producing limited range of movement) 


FIGURE 10-96, Guidelines for Scar Assessment, continues 
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HEIGHT 

The height of the scar is visually estimated to be the maximum vertical elevation of the scar above the normal skin. A millimetre 
scale is included on the form to facilitate this assessment. 

0 - normal - flat, flush with normal skin. 

1 - > 0 to 1 mm (more than one quarter of the area being rated is raised more than 0, but less than 1 mm) 

2 - > 1 to 2 mm (more than one quarter of the area being rated is raised more than 1 mm, but less than 2 mm) 

3 - > 2 to 4 mm (more than one quarter of the area being rated is raised more than 2 mm, but less than 4 mm) 

4 - > 4 mm (more than one quarter of the area being rated is raised >4 mm) 


VANCOUVER GENERAL HOSPITAL 
OCCUPATIONAL THERAPY DEPARTMENT 


PATIENT NAME: 


VASCULARITY (V) 

0 normal - colour that 

closely resembles the colour over the rest of one’s 
body. 

1 pink 

2 red 

3 purple 


PLIABILITY (P) 

0 normal supple - flexible with minimal resistance 

2 yielding - giving way to pressure 

3 firm - inflexible, not easily moved, resistant to 
manual pressure 

4 banding - rope-like tissue that 
blanches with extension of scar 

5 contracture - permanent shortening of scar 
producing deformity or distortion 


PIGMENTATION (M) 

0 normal - colour that closely resembles the colour 
over the BURN SCAR ASSESSMENT rest of 
one’s body. 

1 hypopigmentation 

2 mixed pigmentation 

3 hyperpigmentation 


HEIGHT (H) 

0 normal - flat 

1 > 0 to 1 mm 

2 > 1 to 2 mm Scale in mm 

3 > 2 to 4 mm 

4 >4 mm 


Fig 10-96. Vancouver General Hospital Burn Scar Assessment. Based on the assessment form developed by Vancou¬ 
ver General Hospital, 855 West 12th Avenue, Vancouver, BC, Canada V5Z 1M9 


tation deposited in the wounds of people of color 
(Figure 10-97). 

When a scar appears fo be mafure, a frial period 
wifhout exfernal vascular supporf is inifiafed for 
af leasf 1 fo 3 days buf not longer than 1 to 2 weeks. 
If fhe symptoms or signs of acfive scar formafion 
do not recur, the ultimate outcome has been 
achieved. In evaluating the scar maturity, some pro¬ 
fessionals consider fhe scar inacfive when less fhan 
10% of fhe wound remains immafure or hyperemic. 
However, fhe small hyperfrophic area offen is more 


bofhersome fo fhe casualfy fhan fhe large one when 
if becomes painful, prurific, and fragile. Confinu- 
ing use of vascular supporf garmenfs can prevenf 
this complication. 

For a list of prefabricafed and custom garment 
companies,^“ see Exhibit 10-5. 

An insert is used to accelerate the hypertrophic 
scar maturation process.“ It fills in concave areas 
thaf a custom measured garmenf cannof reach. If is 
usually placed befween fhe skin and the compres¬ 
sion garment over a thick hypertrophic scar, tight 
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EXHIBIT 10-5 

COMPANY PRODUCT AND SERVICES AVAILABLE 


This list of products and services is provided here for information only. The mention of these products and 
services here is not to be construed as an endorsement by the U.S. Department of the Defense, the U.S. 
Department of the Army, or the US Government. 

Prefabricated Garments: Acme United Corp. (800)-243-9852 Note: Tubigrip products were formerly handled by 
Sepro in the USA and Seton in England. Cloth and paper measuring tapes, measuring guidelines and garment 
charts provided. Regional representatives supply in-house teaching with a network of local suppliers. Phone 
discussions are welcomed. 

Caromed Int'L, Inc. (800)-833-2237 Polli surgical garments use regular measuring tapes if i.e., circumferential mea¬ 
surements are needed (i.e., a waist size), but some garments vary with Velcro. Sizes by s-m-1. Standard size vests 
36", 42" and bra cup size. Order from two national distributors. Phone discussions are welcomed. 

Aris Isotoner, Inc. (800)-223-2218 Isotoner gloves are one size fits all. There are some variations in s-m-1 correspond¬ 
ing with standard glove sizes 6 to 8 Vi They are variable lengths. Order forms are available. They are also found in 
some medical catalogues or local stores. Phone calls are welcomed. 

Elastic Sport Garments: Bike compression support performance shorts, (92.5% polyester/3.5% Lycra-Spandex), s- 
m-l-xl, price $15 each, 2801 Redog Drive, Knoxville, TN 37914, phone 1-800-272-6060. This fabric gives protection, 
and is supportive. Patients often wear the shorts reverse side out to avoid wound abrasion from the seams. Wilson 
Compression Shorts, 4-way stretch sports girdle, (75% Nylon/25% Lycra-Spandex), s-m-l-xl, price $14.99 each, 
Martin Manufacturing Co., Inc., 5200 Highway 153, Piedmont, South Carolina 29673, phone 1-800-237-9356. This 
fabric gives protection, but is not ideal for support. Patients like the "slippery" feel of the fabric, worn reverse side 
out, which prevents blisters from the seams. Brawn Weightlifter Short (20% Spandex/80% Nylon with full 100% 
nylon liner), s-m-l-xl, price $24 each, through International Male Magazine, 7412 "F" Street, San Diego, CA 92112- 
9027. This fabric gives protection, and if the fit is snug, support. Patients say these shorts are preferable because of 
the soft liner. Stromgren Supports knee length, 25% Lycra / 75% Nylon, price $12 each. This fabric is too thin to give 
support or protection. It is hot. The legs of the shorts are too short to cover donor areas. Beware of discount prices. 
Measured in standard sizes at your local biking, aerobics or sporting stores. 

Custom Garments: Barton-Carey Medical Products (800)-421-0444 A measuring device, "locator" tapes to 
use with the measuring device, measurement forms, and order forms are provided at no charge; a measur¬ 
ing instruction booklet can be obtained from the company. On request, Barton-Carey sends qualified 
personnel to train staff members in any hospital in the United States or Canada; for any hospital preferring 
not to do the measuring, the company will provide that facility with an outside source to do the measuring. 
Telephone conversations about measurement problems are invited. 

Bio-Concepts, Inc. (800)-421-5647 Measurement tapes, a measurement kit (containing a tape "gun," a transparent 
flexible ruler and other measuring and marking devices, measurement forms, and order forms) are obtainable at no 
charge. Periodic training seminars for select qualified persormel are held. Bio-Concepts invites participants to this 
expense-paid seminar; there were 44 seminars with 261 participants as of 1990. A free videotape for patient educa¬ 
tion is available. Problem solving is encouraged and can be done by telephone. Prefabricated garments are available. 

Gottfried Medical, Inc. (800)-537-1968 Paper measurement tapes and measuring forms that use a cloth measuring 
tape are supplied at no cost. A 20-minute instructional video on measuring and fitting techniques can be provided. 
The company furnishes support to facilities that request measuring services through an extensive dealer network. 
Telephone dialogue regarding any questions or difficulties about specific measurements of a pressure support is 
encouraged. 

Jobst Institute, Inc. (800)-537-1063 Paper measuring tapes, measuring forms, and order forms are available at no 
cost. Training opportunities include a measuring and fitting manual, a measuring and fitting video. 32 service 
centers in the United States and Canada with staff trained to measure and fit as well as to teach the techniques, five 
regional service managers available for in-house teaching of the procedures, and a network of dealers throughout 
the United States and Canada who can serve patients living great distances from the burn center. Phone discus¬ 
sions about orders are welcomed. Prefabricated and interim garments are available. 

Wright Linear Pump, Inc. (800)-631-9535; Sticky back measuring tape, measuring forms and Rx forms (800)-922- 
4226. Forms are available at no charge in a measuring kit. The measuring forms are self-explanatory. There are 
consultants that use this product in hospitals and training centers across the country. Telephone discussions are 
welcomed. Note: This is for extremities ONLY that are edematous and used in conjunction with the pump. 
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Fig. 10-97. Outcome of deep thermal injury, (a) Impaired venous return, dependent immature graft and donor, (b) 
Mature graft and donor; note the permanent cosmetic changes secondary to excision of fascia. 


skin, contracture, or a concavity where a bridging 
area has begun. Some inserts have been used suc¬ 
cessfully alone, for small areas, wifhouf compres¬ 
sion. Overlays are placed over fhe custom measured 
garmenf wifh an elasfic wrap or anofher garmenf 
to press fhe garmenf info concavifies in befween 
bony prominences or anafomical sfrucfures fhaf 
compression garmenfs "fenf" over. The overlay or 
inserf fills in fhe negafive spaces for a smoofh fofal 
confacf compression from fhe exfernal vascular sup- 
porf garmenf. Inserfs also are used to help flaffen 
and soffen fauf, rope-like confracfures. These are 
offen nofed over joinfs. Evenfually fhe fissues be¬ 
come longer, so fhaf blanching is decreased when 
fhe skin is puf on a sfrefch, and confracfures de¬ 
crease. Inserfs add exfra pressure over fhick nodu¬ 
lar hyperemic scars. When used in fhis manner, fa- 
pering fhe edges of fhe inserfs will assure fofal con¬ 
facf by prevenfing fenfing from fhe elevafed ridges. 
Inserfs can be used as padding for profecfion over 
bony prominences, under zippers, and af fhe inner 
angle of flexor creases, such as fhe ankles or elbows, 
to prevenf fhe garmenfs from cuffing info fhe skin. 
Inserfs and overlays help elongafe, flaffen, and 
soffen scar fissue. Closed cell inserfs may need fo 


be worn wifh an open cell, fabric or disposable 
gauze, or paper liner fo absorb perspirafion. A 
pockef can be sewn info fhe compression garmenf 
fo hold inserfs (see Figure 10-85). They can also be 
held in place by applying Velcro fo fhe inserf and 
fhe garmenf or running a Velcro sfrap fhrough fhe 
inserf ifself (Figure 10-98). 

Wounds musf be healed prior fo fhe use of in¬ 
serfs. Inserfs can be fabricafed prophylacfically 
for areas of anafomical vulnerabilify, such as fhe 
fhumb web space, or concave areas, such as be¬ 
fween fhe breasfs (Fxhibif 10-6). Af fhe onsef of 
fhe skin shrinking before confracfure can form, a 
properly placed inserf prevenfs more difficulf 
problems lafer. As fhe dynamic scars change, inserfs 
can be serially made for increasingly larger ana¬ 
fomical spaces as fhe skin sfrefches. As fhe scar flaf- 
fens, impressions can be filled in unfil fhe inserf 
is flush wifh fhe surface and fhe scar impression is 
no longer seen in fhe inserf. Fvenfually, during fhe 
course of mafurafion, inserfs can be made com- 
plefely flaf, using a rolling pin. Larger inserfs 
can be made flaf on old x-ray films. Reevalua- 
fion and modificafions are made af regular oufpa- 
fienf visifs. 
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Fig. 10-98. Examples of materials for inserts, overlays, and accompanying support gloves: (a) Rolyan Silicone Elas¬ 
tomer; (b) Isotoner glove and silastic elastomer "brass knuckles"; (c) Smith and Nephew Prosthetic foam material; 
(d) Otoform K material and Otoform K "brass knuckles"; (e) prosthetic foam palmar insert; (f) prefabricated Jobst 
glove with Otoform K web spacers; (g) Jobst interim glove with stockinet overlay (note applicator distal to fourth 
finger); (h) prefabricated Tubigrip glove with Velfoam "brass knuckles"; (i) Isotoner glove with finger inserts (left to 
right—orthopedic felt, lamb's wool, Betapile, at wrist: small orthopedic felt split into layers); (j) Elastogel cast and 
splint pad; (k) Bioconcepts prefabricated glove with Otoform K separated interdigital web inserts; (1) Spenco skin 
care pad; (m) prosthetic foam palmar insert, prosthetic foam palmar insert; (n) Jobst interim pediatric gauntlet; (o) 
orthopedic felt layers. 


There is a wide variety of materials to use for 
inserts or overlays to increase pressure over a hard 
scar. The creativity of both therapists and casual¬ 
ties has been the source of many successful scar 
modifiers. Fabric, open or closed cell foam, rubber 
or plastic pieces, and silicones are all appropriate 
inserts or overlays (Figure 10-99). Inserts can be 
ready made and cut to the individual's needs, or 
they can be custom formed to the body's contours. 
These inserts can be secured in external vascular 
support garments by pockets (Figure 10-100). Fab¬ 
ric envelopes, Webril (Kendall Healthcare Products 
Co.), or other disposable wrap may be used to pro¬ 
tect the skin from direct contact with the oily sili¬ 
cone. Often the silicone can be placed between two 
Isotoner gloves or between two Tubigrip stockings. 


which increases the pressure on the scar and pro¬ 
longs the life of the insert. When contact dermatitis 
is caused by the insert (Figure 10-101), that insert 
must be discontinued and after the area is healed a 
different insert material tried. 

The insert and support must be applied in a way 
to maintain gradient pressure. They cannot be ap¬ 
plied like a tourniquet in the middle of an extrem¬ 
ity. This will impair venous return and cause edema 
in the distal hand or foot. Even if edema is not se¬ 
vere enough to be seen with the naked eye, the dis¬ 
tal circulation will change. Therefore, the insert 
must be placed under or over a support that is 
donned from the hand or foot to the shoulder, knee, 
or hip. The following prefabricated commercially 
available fabrics and foams are listed in order of 
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EXHIBIT 10-6 

INDICATIONS, CONTRAINDICATIONS, AND PRECAUTIONS EOR USE OE INSERTS 
WITH EXTERNAL VASCULAR SUPPORTS 


Indications 

Area of concavity (ie, chest sternum, palmar arch) 

Particularly active hypertrophic scar 

Contracture bands 

Use in both old and new scars 

Problematic body areas vulnerable to contracture (ie, finger webs, popliteal, and antecubital fossae) 
Bony prominences vulnerable to breakdown 

Contraindications 

Sensitive skin or prior dermatologic condition such as prolonged use of steroid creams 
Prior skin diseases (ie, eczema) 

Impaired cognition 
Open wounds 
Allergies 
Precautions 

Maceration secondary to moisture build-up 

Friction blisters 

Decubiti 

Contact dermatitis 
Heat rash 
Allergic reactions 


increasing abrasiveness. Lamb's wool in coil form 
is a very soft natural fiber. It absorbs moisture in 
interdigital web spaces and protects fragile areas. 
It is useful with people fearful of replacing their 
present dressings with another texture. Fibers will 
adhere and incorporate into open wounds and 
therefore wool should be covered if applied where 
open areas or drainage is present. 

Orthopedic felt is a white polyester fabric pad¬ 
ding Vs, Vi, or ^/i in. thick that can be cut into various 
sizes and shapes. It can be separated into layers to 
vary the thickness. The irmer surface is softer. It thins 
out with repetitive use and must be replaced often. 

Sheepskin is a thick, fluffy synthetic material that 
looks like real sheepskin with a firm fabric back¬ 
ing. It is good for protection of the bony promi¬ 
nences or for increasing compression. 

Moleskin is a very thin soft padding fabric with 
self-adhesive backing. It can be placed against gar¬ 
ments or splints for protection and to even out two 
surfaces. 


Hypafix is a contact medium in the form of a soft 
adhesive gauze. It can be left in place for several 
days and creates tension on anatomical depressions. 
Success has been reported using this in place of 
compression garments over small areas. 

Velfoam and Betapile are cushioned strapping 
materials that work well as finger inserts. They are 
loose fabric compatible with hook Velcro. 

Hollister Odor Absorbent dressing is a thin, ab¬ 
sorbent, open cell, charcoal black foam encapsulated 
by a soft white mesh material. It is machine wash¬ 
able and dryable. It works very well as a liner to 
absorb perspiration or prevent maceration under 
elastomer inserts. 

Reston foam is a white, open cell foam. It com¬ 
presses with pressure. The adhesive adheres to 
wood or plastic securely and cannot be removed 
easily. The foam also absorbs odor and can be un¬ 
pleasant in the presence of drainage. 

Polycushion is a beige, closed cell foam with an 
adhesive back. It can be placed on splints or gar- 
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Fig. 10-99. Overlays and inserts 
for hypertrophic scars, (a) Dow 
Corning silicone sheet; note 
that tape adhesive may irritate 
surrounding healed tissues, (b) 
Spenco skin care pad protecting 
flexion crease, (c) Elastogel on 
open area. 




Fig. 10-100. Custom measured Barton Carey garments. 
The garment is turned inside out to show the pockets 
that secure the silicone inserts. 


Fig. 10-101. Contact dermatitis caused by the Otoform K 
thumb insert. 
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merits. The two adhesive sides can be folded to¬ 
gether to make a nonadhesive insert. 

Kushionflex is a white, very firm, closed cell pad¬ 
ding wifh adhesive backing. If may be beneficial in 
an area where durabilify is required such as a shoe 
inserf. 

Plasfazofeis a flesh colored, closed cell foam fhaf 
can be formed on fhe skin affer if is heafed fo a low 
femperafure. If is also good for shoe inserfs. If comes 
in eifher adhesive or nonadhesive forms. 

Neoprene is a blue-black, closed cell rubbery ma- 
ferial. If is spongy wifh elasfic memory and is avail¬ 
able in variable fhicknesses. 

Confour form is a blue colored, open cell, slow 
recovery padding. Body heaf helps fo mold fhe 
foam. If is available in differenf fhicknesses. 

Microfoam fape is a soff fape similar fo Resfon 
buf of closed cell foam. The fwo adhesive sides may 
be placed fogefher fo form an inserf or zipper pad. 

The following silicones and elasfomers are also 
lisfed according fo increasing abrasiveness: 

Skin care pad (formerly known as Dermapad) 
comes in 4 X 4 in. by Ys or Yi in. sizes. If is a cream 
colored profecfive pad wifh a solid gelafinous con- 
sisfency described as arfificial faf. If is lighfly ad- 
herenf and cufs info any shape. If provides cooling 
comforf. Thicker pads eliminafe fricfion and absorb 
pressure. Thinner, flexible pads are excellenf for use 
on mobile joinfs such as fhe elbow. Bofh sizes are 
excellenf fo increase compression. The pad's sur¬ 
face is very oily, and fhe scar musf be profecfed or 
observed for macerafion. Using fhese pads for 8- fo 
12-hour periods, and leaving fhem off for 12 fo 16 
hours may relieve skin over-moisfurizafion. 

Dow Corning silicone gel sheefing (see Figure 10- 
99) is a clear, soff, slighfly adherenf, semiocclusive, 
flexible inserf made from medical-grade silicone 
polymers wifhouf fillers.One version is very 
facky, sfays in place well, buf crumbles fairly eas¬ 
ily. Anofher type has a netting back woven through. 
It is unique in that it is advertised to modify a scar 
wifh or wifhouf pressure. When if is effecfive, if is 
worn a minimum of 12 hours per day rafher fhan 
fhe usual 23 hours per day.^'^^'^'*^ If bofh compres¬ 
sion and fhe silicone gel sheefing are worn, fhey 
should only be worn fogefher 12 hours a day. For 
fhe ofher 11 hours, one or fhe ofher can be worn 
separafely. Ofherwise, skin irrifafion may develop 
and fhe gel sheef will have foo much wear, disinfe- 
grafing if. 

Ofoform K ([Dimefhylpolysiloxane] Dreve Co.) 
is a whife silicone elastomer wifh a puffy base. If is 
mixed wifh a red fube cafalysf resulfing in a firm, 
pink, rubbery, closed cell inserf. If does nof run, sefs 


in five minufes, is odor free and semirigid buf flex¬ 
ible. If posifions, yef allows some mofion. If is easy 
fo work wifh in small fo medium quanfifies. If 
works well for inferdigifal web spacers of fhe hand, 
fhumb, and feef, and as a shock absorber, decreas¬ 
ing confracfures and filling in concavifies (see Fig¬ 
ure 10-72). 

Silasfic (Dow Corning) elastomer is a closed cell, 
gray-liquid-based, faffy-like elastomer mixed wifh 
a clear cafalysf ouf of an eye dropper. If cures fo a 
rubbery fexfure. The seffing rafe depends on fhe 
amounf of cafalysf used. If is a liffle more challeng¬ 
ing fo handle, requiring a tongue depressor. If sficks 
fo hair, so a profecfive layer on fhe skin of lofion or 
plasfic wrap is helpful. If does sfain before fhe cafa¬ 
lysf is added. If requires refrigerafion or sforage and 
has a 1-year shelf life. If picks up very fine defail. If 
is fairly rigid and works well on large areas. Serial 
inserfs can be made by filling in fhe impression of 
fhe scar as if improves wifh silasfic medical adhe¬ 
sive. Repefifive fabricafions can be made on a revised 
scar unfil if is flush. On large body areas a pattern can 
be made and fhe inserf fabricafed on old radiographic 
maferial. If works well on flatter surfaces wifh less 
mobilify such as fhe frunk, laferal ankle, or palmar 
arch. If can be mixed wifh prosfhefic foam. 

Dow Corning prosfhefic foam is an open cell, fan 
colored, liquid-based, silicone elastomer mixed wifh 
a clear bottle of cafalysf. When fhe cafalysf is added, 
if will increase in volume and have an exofhermic 
reacfion. If can be confained by forming if inside of 
fransparenf plasfic wrap againsf fhe body. If sficks 
fo hair. If is soff and spongy. If can be used in con- 
juncfion wifh fhe hard, low femperafure splinfing 
maferial oufer shell. If works well as a fofal confacf 
padding on delicafe or fragile areas. If is somefimes 
placed on a fresh graft wifh a moisf sferile dressing 
underneafh if. 

Elasfogel (Soufh Wesf Tech, Inc.)casf and splinf 
pads can be used as an inserf under a compression 
garmenf (see Figure 10-99c). ft has a nice feafure of 
a clofh covering on fhe back, profecfing fhe garmenf 
from ifs oils. If is also an occlusive dressing fhaf 
can be used on open wounds. The inserf can be cuf 
fo size, buf should exfend 1 fo 2 in. beyond fhe 
wound or be 25% larger fhan fhe wound, ft can be 
worn over topical medicafion; if can be made wa¬ 
terproof by covering if wifh a film dressing such as 
Tegaderm (3M Healfh Care); and can be secured 
wifh fape, gauze, or elasfic compression. 

Spenco (Spenco Medical Corp.) second skin is a 
clear, breafhable-fype, hydrogel gel. ft is 96% wa¬ 
fer and 4% polyefhylene oxide wifh a feel and con- 
sisfency similar fo human skin, ft removes fhe fric- 
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EXHIBIT 10-7 

PRIORITIZED OPTIONS FOR SCAR COMPRESSION—UPPER EXTREMITY 


Fingers-External vascular support must be satisfactory at the most distal part (fingers or hand) to prevent a 
tourniquet effect if any support is planned for the wrist, forearm, elbow or upper arm. 

I. Compression Garments 

A. Finger wraps 

1. Sof-Kling, one inch rolls, used in spiral wrap 

2. Unna bandage, split, folded and wrapped in a spiral, distal to proximal 

B. External vascular support, Tubiton finger oedema sleeve, digisleeve 

C. Isotoner glove 

1. Elastic spiral wraps (Elset, Coban, PEG self-adhesive bandage, regular elastic bandages, 1- or 2-inch 
size) 

2. Elastic, old fashioned "boxer" type, finger and hand figure-8 wraps (Must have adequate 
strength to overcome dorsal pull of wrap, or wrap must be applied in reverse "boxer" style.) 

D. Silastic mitt or foam "sandwich" secured and supported with elastic wraps 

II. Inserts 

A. Finger Webs 
1. Web spaces 

a. When fragile: 

(1) Lamb's wool strips 

(2) Webril strips in rolls 

(3) Orthopedic felt strips 

(4) Hypafix strips 

(5) Velfoam or Betapile strips, formed in "brass knuckles" pattern 

(6) Various foams 

b. When durable: 

(1) Otoform K "saddle" pattern with Webril wrap to prevent contact dermatitis 

(2) Silastic elastomer "brass knuckle" cut-out pattern 

(3) Skin care pad or Elastogel strips 

(4) Plastazote strips 

(5) Neoprene strips or cutout in "brass knuckle" pattern 

(6) Various foams strips 

(7) Thermoplastic inserts 

B. Fingers 

1. Volar surface 

a. When skin begins to contract: 

(1) Otoform K "gutter" secured with one inch Sof-Kling or Coban or equivalent 

(2) Silastic elastomer thin strip under glove 

(3) Skin care pad strip 

(4) Elastogel strip 

(5) Thermoplastic "gutter" splint from the tip of finger to the "V" of the digit or palmar base 

Thumb 

I. Compression Garments 

A. Sof-Kling, one inch rolls, used in figure-8 wrap thumb to wrist, to abduct thumb 

B. Unna bandage, split, folded, and wrapped in a spiral, distal to proximal 

C. Elastic wrap including the thumb, hand, and fingers 

D. Prefabricated or custom gauntlet including thumb hand and base of index finger 

E. Prefabricated or custom glove 

II. Inserts 

A. Thumb Web 

1. Orthopedic felt "saddle" shaped pad 

2. Webril "saddle" pad 

3. Velfoam or Betapile "saddle" pad 

4. Skin care pad 

5. Elastogel 

EXHIBIT 10-7 continues 
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EXHIBIT 10-7 (continued) 

PRIORITIZED OPTIONS FOR SCAR COMPRESSION—UPPER EXTREMITY 


6. Otoform K saddle to thumb IP and index MCP 

7. Sheepskin 

8. Various fabric liners 

B. Radial Border 

1. Otoform K strip 

2. Skin care pad 

3. Elastogel 

Hand 

I. Compression Garments 

A. Isotoner glove 

B. Sof-Kling one inch rolls 

C. Elastic wraps (Elset, Coban, PEG self-adhesive bandage, regular elastic bandages, 1- or 2-inch size) 

D. Unna bandage 

E. Prefabricated or custom gauntlets 

F. Prefabricated or custom gloves 

G. Silastic elastomer or foam mitt 

II. Inserts 

A. Palm 

1. Otoform K 

2. Silastic elastomer, sculpted 

3. Skin care pad 

4. Elastogel 

5. Various fabrics as liners, secondary to perspiration 

B. Dorsum 

1. Skin care pad 

2. Elastogel 

3. Second skin 

4. Duoderm 

5. Silicone gel sheet with or without compression 

Wrist 

I. Compression Garments 

A. Prefabricated or custom long gloves, long sleeves, both overlapping or separate wrist band 

II. Inserts—same as elbow 

Elbow 

I. Compression Garments 

A. Prefabricated, shaped support bandage or tube; prefabricated single arm, custom sewed shaped 
support bandage with larger elbow insert, prefabricated or custom measured long sleeve vest 

B. Custom measured arm sleeve 

C. Antecubital or circumferential liner (Note liner fabric is tighter than the elastic garment and may 
cause irritation if not relieved. Shearling inserts may be used for extremely fragile areas.) 

II. Inserts 

A. Anterior 

1. Skin care pad 

2. Elastogel 

3. Spenco second skin 

4. Duoderm 

5. Moleskin 

6. Hypafix 

7. Hollister odor absorbing dressing 

8. Various fabrics 

9. Various foams 


EXHXIBIT 10-7 continues 
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EXHIBIT 10-7 (continued) 

PRIORITIZED OPTIONS EOR SCAR COMPRESSION—UPPER EXTREMITY 


B. Posterior 

1. Duoderm 

2. Foam sponge 

3. Various pads 
Upper Arm and Forearm 

I. Compression Garments—Same as elbow 

II. Inserts 

A. Dow Corning silicone gel sheeting with or without compression 

B. Silastic elastomer 

C. Otoform K 

D. Adhesive backed foams 

E. Skin care pads 

F. Elastogel 

G. Neoprene 
Shoulders 

I. Compression Garments 

A. Prefabricated, interim or customized vest with long sleeves 

B. Vest with short sleeves 

C. Axilla can have netting if it is unburned. Axilla may be left open if durable and nonburned 

D. Figure-8 Ace wrap with foam inserts 

E. Clavicle straps 

II. Inserts 

A. Axilla 

1. Skin care pad 

2. Elastogel 

3. Prosthetic foam/elastomer mix 

4. Various thick foam paddings 

B. Superior Shoulder 

1. Skin care pad 

2. Elastogel 

3. Various thin adhesive-backed back foam padding 

4. Spenco second skin 

5. Otoform K 

6. Duoderm, if friction is a problem 

7. Silicone gel sheet, if shoulder motion does not displace it 


tion between two moving surfaces and will not stick 
to wounds or dressings. It keeps tendons hydrated 
and cushions blisters, protecting and preventing 
them. It helps ease burn pain and itching; it is placed 
directly against the skin and it is held in place with 
a bandage or tape. The outer plastic film can be leff 
in place fo prevenf drying or removed fo allow air 
passage; uncovered, if will dehydrafe affer 24 hours, 
buf placing if in wafer will refurn if fo ifs original 
posifion. 

Duoderm is a fhin, caramel colored, hydroacfive, 
cell-adherenf occlusive dressing. If works well on 
bony prominences for profecfion and can be used 
over mobile joinfs such as fhe posferior elbow by 


cuffing darfs info if and holding if in place during 
flexion, melding if info posifion. If works well on 
hands and allows a fighf compression glove fo be 
applied over if. 

There are many differenf ways fo provide effec- 
five compression fo body parfs fhaf have scars for 
various ofher fypes of problems. Exhibifs 10-7, 10- 
8, and 10-9 provide lisfs of priorifized opfions for 
specific sifuafions in regard fo scar compression 
using exfernal vascular supporf garmenfs and com¬ 
pression inserfs or overlays. 

In cases where graffs are onfo fascia or a face 
develops poor cosmefic oufcome, camouflage 
makeup is indicafed. Addifionally, accessories can 
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EXHIBIT 10-8 

PRIORITIZED OPTIONS FOR SCAR COMPRESSION—TRUNK 


Anterior Flank and Intrascapular Area 

I. Compression Garments 

A. Prefabricated tube 

B. Prefabricated or custom vest with or without sleeves 

C. Female vest with breast cups 

D. Inserts 

II. Flank and Intrascapular 

A. Silicone gel sheeting with or without compression 

B. Silastic elastomer 

C. Otoform K 

D. Prosthetic foam 

E. Skin care pad 

F. Elastogel 

G. Spenco II skin 

H. Various adhesive backed foam 

III. Between Breast Cleavage 

A. Otoform K 

B. Prosthetic foam 

C. Thick sculptured foam 

D. Silastic elastomer 

E. Plastazote 

F. Skin care pad 

G. Elastogel 

H. Spenco II Skin 

IV. Buttock/Groin Compression 

A. Body suit 

B. Vest with Velcro crotch 

C. Pants or shorts 

D. Scrotum may require support cup 

Inserts 

I. Buttock Crease 

A. Otoform K 

B. Prosthetic foam 

C. Thick sculptured foam 

D. Plastazote 

E. Skin care pad 

F. Elastogel 

II. Genitalia 

A. Males may require a foam roll to stretch the penis over if there is constriction during erection 

B. Males may require a catheter or penile implant for the above or if the urethra is restricted 
producing difficulty with ejaculation and/or urination 

C. Female genitalia is usually well protected secondary to anatomical makeup 


be used to camouflage, such as wigs, scarves, fash¬ 
ion gloves, adapfive clofhing, and prosfhefic foam 
covers, may be needed. If a mulfidisciplinary ap¬ 
proach is used wifh fhe soldier as fhe acfive princi¬ 
pal feam member, fhe oufcome can be cosmefically 
and funcfionally accepfable. Profecfion from sun¬ 
burn is an addifional benefif from camouflage 
make-up applied over fhe face, ears, nose, and neck. 


Functional Activities and Adaptive Equipment 
During the Wound Maturation Phase 

In fhe wound mafurafion rehabilifafion phase, a 
casualfy confinues acfive parficipafion in funcfional 
acfivities fhaf are consisfenf wifh life roles and re- 
furn fo acfive dufy (see Figures 10-62 and 10-102). 
As an individual becomes medically sfable and epi- 
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EXHIBIT 10-9 

PRIORITIZED OPTIONS FOR SCAR COMPRESSION—LOWER EXTREMITY 


Thigh and Lower Leg 

Same as in the Upper Extremity, upper arm and forearm (Exhibit 10-7) 

Hip 

1. Compression Garments 

A. Biker pants or shorts 

B. Prefabricated or custom pants or shorts 

C. Custom measured and fitted body suit with thighs incorporated 
11. Inserts 

A. Skin care pad 

B. Elastogel 

C. Various thin adhesive backed foams 

Knee 

1. Compression Garments 

A. Prefabricated tubes are shaped support bandage or pants 

B. Custom thigh highs or pants 

C. Biker pants or long shorts 
11. Inserts 

A. Anterior knee not usually necessary 

B. Posterior knee 

1. Skin care pad 

2. Elastogel 

3. Thin fabric liners may be necessary secondary to maturation 

Ankle 

1. Compression Garments 

A. Prefabricated tubes 

B. Prefabricated or custom knee highs or higher garments 

C. High anklets 

D. Boots with elastomer or prosthetic foam circumferential lining 
11. Inserts 

A. Anterior 

1. Foam pad 

2. Otoform K 

3. Orthopedic felt 

4. Skin care pad 

5. Elastogel 

B. Lateral 

1. Silastic elastomer 

2. Otoform K 

3. Foam pad 

4. Duoderm 

5. Spenco II to skin 

6. Skin care pad 

7. Elastogel 

C. Posterior 

1. Duoderm 

2. Foam pad 

3. Silastic elastomer 

4. Otoform K 

5. Skin care pad 

6. Elastogel 


EXHIBIT 10-9 continues 
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EXHIBIT 10-9 continued 

PRIORITIZED OPTIONS EOR SCAR COMPRESSION—LOWER EXTREMITY 


Foot 

I. External vascular support 

A. Prefabricated tube 

B. Prefabricated anklet or stocking 

C. Custom measured anklet or stocking 

D. High top tennis shoe 

E. Boots with silastic or prosthetic foam circumferential support 
II. Inserts 

A. Dorsum 

1. Otoform K 

2. Silastic elastomer 

3. Various thin adhesive back foams 

4. Skin care pad 

5. Elastogel 

6. Silicone gel sheet with compression 

B. Sole 

1. Thick foam secured over elastic wrap for comfort 

C. Ankles and High Top Shoes 

1. Sheepskin to protect bony prominences 

D. Toes that are hyperextended 

1. Plantar lift from the heel to the metatarsal head 

a. Kushion flex 

b. Poly cushion 

c. Plastazote 

d. Neoprene 

e. Silastic elastomer 

f. Otoform K 

2. Plantar negative space for toes to flex into. 

a. Lamb's wool 

b. Sheepskin 

c. Orthopedic felt 

d. Reston foam 

e. Contour foam 

f. Other compressive open cell foams 

3. Dorsal insert to flex toes 

a. Otoform K 

b. Silastic elastomer with moleskin or odor absorbent liner 

c. Sheepskin 

d. Thick closed cell foam 


thelium becomes more durable, it is vital to pursue 
a variety of activities, but, in this phase, it is still 
important to be cautious with fragile skin. Casual- 
fies musf learn proper infervenfions fo compensafe 
for sensory, pigmenfafion, and circulafory changes 
while performing daily living skills. In fhis phase 
of rehabilifafion fhe casualfy is weaned off adap- 
five equipmenf used in fhe inifial phases of heal¬ 
ing. However, elecfrical injuries, ampufees, or ca- 
sualfies whose burns are greafer fhan 70% TBSA 
may confinue fo use fhe equipmenf if residual defi- 
cifs exisf. In fhe severely impaired person, sophis- 


ficafed orfhosis and adapfive equipmenf will need 
fo be pursued fo reduce disabilify. 

Feeding. In fhe wound mafurafion phase adap¬ 
five silverware, drinking aids, and sfabilizafion 
devices are rarely used. If decreased shoulder 
AROM wifh proximal weakness is permanenf, sus¬ 
pension slings or mobile arm supporfs (ball bear¬ 
ing feeders) can be used when a casualfy is in a 
sealed posifion. These devices supporf fhe enfire 
arm, use mechanical devices fo assisf shoulder flex¬ 
ion, and allow fhe elbow fo move in a gravify elimi- 
nafed plane. The mobile arm supporf is available 
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PATIENT’S DAILY SKILLS CHECK LIST 


By discharge, all burn patients will have learned to do the following tasks independently: 



YES 

NO 

Needs more 
practice 

PHN or other 
relative 

1 Hvaiene/qroominq: 





Wound Care: 





Wash wound 





Apply medication 





Tub bath 





Shower 





Appropriately wash 





healed and unburned skin 





Lotion and massage 





self appropriately 





Care of overgrafted tissue 





& sweat & oil gland regrowth 





Buff-n-Puff 





Grit Soap 





Shampoo: 





Wash 





Rinse and dry hair 





Trim around open areas 





Comb and brush 





Shave: 





Remove ingrown hairs 





Toileting: 





Approach and sit on stool 





Raise and lower clothing 





Wipe self 





Clean hands 





Oral Hygiene: 





Brush teeth 





Stretch mouth 





Lotion lips 





II. Dressing: 





Independent applying aces 





Independent in bra, 





Independent donning custom (top) 





elastic garment (bottom) 





Independent 





dressing lower body 





including tying shoes 





III. Eating: 





Feed self 





Cut meat, open milk carton. 





sugar pkg., butter, bread 





IV. Homemakinq: 





1. Meal Preparation: 





Safe with cold meal 





(milk, sandwich, apple) 





Safe with hot liquids 





(coffee, soup, etc.) 





Safe with stove top and oven 





2. Kitchen Care: 





Wash dishes 





Put away dishes 





Empty dishwasher 











FIGURE 10-102 continues 


in standard, elevating, and table mounted models. 
In cases of severe burns resulting in upper extrem¬ 
ity amputations, there are battery powered or elec¬ 
tric feeding machines fhaf are operafed by micro- 
swifch confrol. The swifches can be operafed by fhe 


chin or anofher body parf fhaf can more predicf- 
ably and consisfenfly confrol a machine. 

Grooming. In fhe wound mafurafion phase fhe 
casualfy can parficipafe in addifional grooming 
fasks, and can perform shaving acfivifies wifh spe- 
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FIGURE 10-102 continued 



YES 

NO 

Needs more 
Practice 

PHN or other 
relative 

Sweep floor 





Clean counters 





Clean stove and oven 





Defrost refrigerator 





3. Other: 





Make bed 





Change bed linen 





Vacuum 





Dust 





Wash windows 





Change light bulbs 





Carry and put away groceries 





Do laundry 





Mop floors 





4. Misc.: 





Set and wind clock, watch 





Put coins in machines 





Handle wallet 





Sign name 





Write letter 





5. Clean bathroom 





Change toilet paper roll 





V. Mobilitv: 





Walk for 10 minutes 





Run 





Stair climbing 





Ride bike 





Safe motor vehicle operation 





Safe riding bus and public 





transportation 





VI. Recreational Activities: 





1. Knows precautions regarding: 





A. Fragile healed skin 





B. Sensory changes 





C. Pigmentation changes 





D. Circulatory changes 





E. Exposure to irritants, eg. petroleum products, concentrated animr 

1 waste 




2. Initiates old or new social contacts 





3. Initiates stress reducing physical recreation 

3 times a week or more 





4. Initiates discussion of desires in social interaction 





5. Initiates doing things for others in family 
or social contacts 





VII. Work Activities: 





Return to old job (usually in 6-12 months) 





Find a new job 





Work with Vocational and 

Rehabilitation Counselor 





VIII. Return to school: 





Able to concentrate on learning 





Takes part in non-contact sports 





IX. Sexuality: 





Resolving changed body image 





Initiates discussion of desires 






Burn patients who have had grafts to all extremities and the head will routinely be offered intensive therapy in a Rehabilitation Unit 
and public health nurse assistance to achieve independence at home. The parents or caretakers of all children under 5 years of age 
will be offered public health nurse assistance. Contact your social worker for help if you are interested in these services. 


Fig. 10-102. Clinical history sheet. Reprinted with permission of Regions Hospital (formerly, St. Paul-Ramsey Medi¬ 
cal Center), 640 Jackson Street, St. Paul, Minnesota 55101-2595. 
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dal holders for electric or regular razors if unable 
to hold a razor in the conventional manner. The 
casualty should perform nail care to prevent exco¬ 
riation of skin during scratching. Mounted nail clip¬ 
pers or files are available if needed. 

At this stage, the casualty can begin to assume 
responsibility for the condition of the skin, inspect¬ 
ing it regularly for detection of breakdown areas. 
Flexible skin-inspection mirrors assist with this. The 
casualty can also begin to be responsible for inde¬ 
pendent wound care and management and should 
demonstrate the ability to safely wash the wounds 
and to apply medication and gauze dressings. As 
the skin heals, the casualty should perform scar 
massage as indicated and apply moisturizer. 

in the wound maturation phase a casualty will 
want to be able to perform toileting tasks indepen¬ 
dently. There are a variety of types of adaptive 
equipment to ensure safety and independence with 
the task. Toilet safety rails can be mounted on ei¬ 
ther side of the toilet to increase stability with trans¬ 
fers. Use of a raised toilet seat is discouraged, but 
is useful when an individual permanently lacks 
strength or control in the lower extremities and can¬ 
not perform transfers with a standard seat. A bed¬ 
side commode is necessary in the hospital or at 
home only when ambulation to the bathroom will 
not be possible. Toilet aids are helpful if an indi¬ 
vidual is lacking the necessary upper extremity 
range of motion for hygiene. 

There are a number of adaptive safety aids to al¬ 
low independent bathing. Often it is safer for the 
casualty to bathe in a seated position if endurance 
is low. Edema is minimized by keeping burned legs 
elevated until the bathing is finished and external 
vascular supports are replaced. Shower seats, with 
or without backs, are useful to provide stability in 
walk-in showers. Extended tub benches allow a ca¬ 
sualty to bathe independently on a seat if he is 
unable to step over the tub safely. Grab bars can be 
mounted on the tub or wall to further increase sta¬ 
bility with transfers. A flexible shower hose permits 
a person to bathe independently in a seated posi¬ 
tion if he is unable to stand for a long period of time. 
Long handled sponges compensate for decreased 
trunk or upper extremity range of motion and al¬ 
low casualties to wash the feet and back indepen¬ 
dently. A bath mitt stabilizes a bar of soap if the 
grasp is weak. Nonskid surfaces or bath mats ap¬ 
plied to the bottom of the tub are safety features 
used to avoid slippage. 

Dressing. Assuming total responsibility for don¬ 
ning external vascular support garments, orthoses, 
and clothing is achieved during the wound matu¬ 


ration phase. The casualty must be cautioned 
against pulling too rigorously on garments while 
donning them, which could injure fragile skin. A 
nylon stocking contact layer over gauze dressings 
secures them and facilitates donning external vas¬ 
cular supports. The casualty demonstrates donning 
face masks, microstomia splints, hand splints, and 
lower extremity braces independently in front of a 
mirror to ensure proper fit. 

There are a number of adaptive aids that assist 
with donning the pressure garments and regular 
clothing, in prioritizing practice time, often it is 
more cost effective to practice donning items with¬ 
out adaptations when in 3 or 4 days the trunk and 
upper and lower extremity contractures will stretch 
to allow independence without adaptations. Long 
handled aids are helpful in cases where there is 
decreased trunk, hip, and knee flexion, and hip ex¬ 
ternal rotation. Many brands of "reachers" can be 
used to don pants (Figure 10-103). They are avail¬ 
able in a standard size, extended length, and a self¬ 
closing model for decreased hand grasp. There are 
long handled shoe horns (Figure 10-104) and stock¬ 
ing aids (Figure 10-105) that are useful in donning 
shoes and socks. A dressing stick can be used for 
donning pants or for donning shirts if upper ex¬ 
tremity range of motion is limited. 

Other adaptive aids are useful if finger dexterity 
is limited or if a person has use of only one hand. 
Elastic shoe laces and button and zipper aids are 
available in standard and easy-grasp varieties. 



Fig. 10-103. A " reacher" aid for donning pressure gar¬ 
ments and regular clothing. The casualty wears Isotoner 
glove external vascular support when hands will be de¬ 
pendent. 
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Fig. 10-105. The casualty donning stockings, (a) The ca¬ 
sualty is placing the stocking over the sock aid and (b) is 
using a sock aid to place the stocking on his foot. 


Velcro closures can replace buttons or zippers, and 
large loops can be sewn onto pants. In general, some 
types of clothing are relatively easy to don such as 
large shirts, gym pants (Figure 10-106), and Velcro 
closure tennis shoes. There are catalogues for spe¬ 
cial-order, easy-fo-don clofhing. 

Home Management 

As a casually becomes more independenf in fhe 
hospifal selling, if is imporlanl lo idenlify home 
managemenl responsibililies for evenlual dis¬ 
charge. This can involve a variely of fasks includ¬ 
ing general maneuvering, operafing home appli¬ 
ances, cooking, cleaning, and several ofher acfivi- 
fies. If is imporlanl for fhe casually and family fo 
idenlify fhe fasks fhaf fhe individual wanfs or needs 
fo perform. Ideally, a survey of home needs can be 
accomplished wifh fhe casually, family, and a sfaff 


Fig. 10-106. The casualty is independently donning gym 
pants without adaptations. He is using Tubigrip exter¬ 
nal vascular supports. 


Fig. 10-104. The casualty is using a long-handled shoe 
horn to facilitate donning shoes. 
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member. It can also be performed by the casualty 
and family alone. A home evaluation, with an 
emphasis on independence and safety, can identify 
any functional or environmental limitations. The ca¬ 
sualty has the opportunity to use actual mobility 
aids and adaptive equipment in his own home to 
determine the level of assistance required postdis¬ 
charge. 

There are a number of home accessibility aids to 
facilitate independence. A ramp to enter the house 
is very important if a casualty is wheelchair bound. 
Stair glides are often used within a house to allow 
movement from one floor to another. Various types 
of high rise furniture leg extenders (for chairs and 
couches) increase the ease of transferring indepen¬ 
dently. There are lamp and light switch extensions 
that are helpful if a casualty has decreased finger 
dexterity or is functioning from a wheelchair. Also, 
a variety of turning adaptations exist for the opera¬ 
tion of faucets, stoves, and radiators when a weak 
grasp is present. 

As the burn casualty continues in the rehabilita¬ 
tion process, he will generally resume kitchen ac¬ 
tivities (Figure 10-107). There are special devices 
that can be used for safety when operating the oven. 
There is a push/pull device that is used to manipu¬ 
late hot oven racks when there is limited finger us¬ 
age or sensory deficits. Long oven mitts made out 
of flame retardant fabric offer protection for sensi¬ 
tive skin. Kitchen roll carts are effective in moving 
hot or heavy pans and dishes. If the cart is sturdy it 
can be used like a wheeled walker for stability. If 
an individual is cooking from a wheelchair, a posi¬ 
tioning mirror over the stove allows him to see the 
burner to cook safely. 

There are a variety of devices for use in the 
kitchen if the casualty has only one functional hand. 
There are pan and bowl holders that provide sta¬ 
bility to compensate for the inability to hold with a 
nondominant hand. Dycem, the nonskid surface, 
provides stability under plates and bowls. The 
adaptive cutting board has a nail to stabilize items 
for cutting and a built-up corner to hold bread while 
buttering. A rocker knife, with a sharp, rounded 
blade, is useful with the use of one hand. There are 
many types of special openers for jars, cans, or 
bottles that can be used when a casualty has only 
one functional hand or decreased hand strength or 
control. 

As with many of the other functional activities, 
there are adaptive housekeeping aids that compen¬ 
sate for decreased ability to reach or grasp. Ex¬ 
tended dustpans with brushes, long reach sponge 
mops, and extended dusters are available for inde- 



Fig. 10-107. The casualty is doing kitchen activities from 
his wheelchair. Note the use of a lapboard. 


pendent housekeeping. There is also a housekeep¬ 
ing cuff with Velcro attachments that permit an in¬ 
dividual with a weak grasp to hold a broom or mop 
handle. 

Communication 

In the wound maturation phase of healing some 
of the earlier communication devices will not be 
necessary while others will continue to be required. 
At this stage, when the casualty is able to be out of 
bed in a seated position, typing and computer ac¬ 
tivities can be explored. These prevocational activi¬ 
ties can be very important aspects of the rehabilita¬ 
tion process. 

There are several adaptive aids that are useful 
with keyboard usage. Typing aids that fit over the 
hand and depress the keys are commercially avail¬ 
able or can be custom made. They are useful when 
fine motor dexterity is lacking and the casualty is 
unable to access the keyboard in a traditional way. 
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Keyboards can be mounted on special devices if an 
individual has limited range of motion in the shoul¬ 
ders or elbows for accessing the keyboard. There 
are also detachable keyboards for when a person is 
unable to access the keys in the usual location. Key 
guards are special devices that are useful with in¬ 
dividuals who have impaired coordination. The 
keyboard separates the keys and allows depression 
of the correct keys. A keylock is a device for one- 
handed users to simultaneously depress multiple 
keys. There are a variety of special switches to op¬ 
erate the environmental controls or activate the 
computer if an individual cannot directly operate 
the keyboard. 

Functional Mobility 

During the wound maturation phase of reha¬ 
bilitation the casualty becomes more mobile as part 
of the exercise program. A transfer or gait belt is 
generally used around the individual's waist for 
stability during early phases of ambulation. Some¬ 
times assistive devices for ambulation are used at 
this stage. For example, straight or quad canes or 
regular, tall, platform, or wheeled walkers. Fre¬ 
quently, these devices are discontinued as the ca¬ 
sualty progresses to independent ambulation. 

A casualty who is severely burned or has lower 
extremity amputations may use a wheelchair. 
Wheelchairs are available in a variety of models 
including standard, reclining, narrow, lightweight, 
and amputee models. In severe cases, electric wheel¬ 
chairs can be used. For each type of wheelchair there 
are numerous options regarding additional sup¬ 
ports, special seating systems, and accessories. 
Wheelchair supports can be designed specifically 
for an individual: headrests, lateral supports, ad¬ 
justable height feet rests, and wheelchair safety 
straps. The correct seating system is extremely im¬ 
portant for the burn casualty to protect the fragile 
skin and prevent decubiti. There are special cush¬ 
ions that can be placed over solid seats and back 
inserts. Cushions composed of gel, foam, or neo¬ 
prene are helpful in maintaining skin integrity. 
There are several cushion manufacturers including 
JAY (Jay Medical), and ROHO (Roho Inc.). Wheel¬ 
chair accessories include lapboards, arm troughs, 
sliding boards, and special gloves. Lapboards, 
which are available in many styles, including stand, 
clear, hinged, and swingaway, provide a desk top 
area for feeding or writing. Arm troughs, available 
in regular, foam elevating, and rotating models, are 
beneficial in maintaining appropriate upper extrem¬ 
ity position and controlling edema. 


Driving is a functional activity that should be 
performed cautiously. A physician's recommenda¬ 
tion is made after psychoactive drugs, including 
analgesics, are discontinued. A driver's evaluation 
is beneficial in cases of severe burns to further de¬ 
termine the safety of the individual and the need 
for any adaptive equipment. An evaluation pro¬ 
vided at an accredited facility can provide informa¬ 
tion regarding reaction time; the need for modifi¬ 
cations in neck, face, and upper extremity orthoses; 
and resources and training with special equipment. 

There are many types of adaptive equipment for 
driving. Hand controls for the accelerator and brake 
are used when a casualty has limited or no lower 
extremity function. Nonskid material can be placed 
on the wheel for a better gripping surface. Steering 
wheels with special rings and knobs, hooks or le¬ 
ver extensions for brakes, turn signals, gear selec¬ 
tors, and large side mirrors are available. 

If a casualty is in a wheelchair, there are vans that 
can be driven independently with special controls. 
Portable ramps facilitate independence with getting 
in and out of the van. If fine motor dexterity is lack¬ 
ing, there are special car door openers and key turns 
that can be used to facilitate manipulation of these 
items. 

Recreation 

Recreation is an important functional activity. 
The benefits, in addition to decreased pain during 
exercise, include an appropriate physical or emo¬ 
tional outlet for anger, the enhancement of self-es¬ 
teem, and increased feelings of accomplishment (see 
Figure 10-63). Card holders and card shufflers are 
available if someone has decreased grasp or one- 
handed usage. 

In the wound maturation phase of healing, a burn 
casualty can begin to participate in organized games 
and sports or health clubs. This participation should 
be incorporated into a graded exercise program. The 
games and sports can have many physical goals 
such as increasing AROM, strength, coordination, 
sitting or standing tolerance, and endurance. Sports 
provide opportunities to improve attention, concen¬ 
tration, and problem solving abilities, as well as an 
opportunity for social interaction between casual¬ 
ties, families, other casualties, and friends. 

Intermittent compression using elastic wraps or 
mechanical devices such as a Jobst Intermittent 
Compression Pump or a Wright Linear Pump 
(Wright Co.) can be used in the maturation phase 
as described in the acute phase. The mechanical 
devices should be considered when edema persists 
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and simple compression and elevation does lead to 
resolution. These devices have been used success¬ 
fully to attain skin closure of chronic ulcers second¬ 
ary fo chronic edema caused by lymphafic and 
venous insufficiency. In fhis phase, inflammafion 
is probably less of a facfor fhan in fhe acufe phases. 
The underlying problem may well be more second¬ 
ary fo reduced lymphafic or venous flow second¬ 
ary fo fhermal damage of underlying subcufaneous 
fissues or excision fo fascia. Therefore, fhese pumps 
may be needed on a lifelong basis. If fhis is fhe case 
fhe casualfy will need specific insfrucfion in home 
use prior fo discharge. 

Funcfional elecfrical sfimulafion (FES) has been 
used in rehabilifafion wifh fhe goals of refarding 
disuse muscle afrophy, reducing confracfures due 
fo weak muscles, and increasing venous and lymph 
flow in fhe sfimulafed muscles. In fhe burn casu¬ 
alfy fhe goals would be similar. The skin musf be 
healed enough fo folerafe fhe elecfrodes and con- 
ducfive gel or fape needed fo hold fhe elecfrodes in 
place as well as fo folerafe fhe currenf necessary for 
sfimulafion. Use of FES has been sporadic in reha¬ 
bilifafion in general as well as in burn rehabilifa¬ 
fion. However, lafe improvemenf in objecfively 
measured hand funcfion was reporfed in one pilof 
sfudy using FES in burn survivors wifh severe hand 
injuries.This fechnique should be considered in 
fhis phase of burn care when fhe more common 
fherapeufic exercise modalifies are nof providing 
fhe desired oufcome. 

Psychosocial Adjustment During the Wound 
Maturation Phase 

Psychosocial issues confinue fhroughouf fhe 
wound mafurafion phase of healing. The soldier af 
home or in fhe rehabilifafion confer learns how fo 
refurn safely fo dufy and roufine life despife his 
injury. Physical changes are offen bofhersome, and 
physical fifness is now a prolonged, daily sfruggle; 
recondifioning may fake place af a much slower 
pace fhan before fhe burn.^'*'^ 

Normal responses fo a major burn injury offen 
include crying, degrees of fear, depression,®^ grief, 
loss of hope, and ofher reacfions unfamiliar fo fhe 
soldier. Discharged pafienfs reporf if fakes abouf 6 
fo 7 monfhs of being af home before fhey can cope, 
as fhey did before fhe injury, wifh emofions and 
acfivifies fhaf require concenfrafion. Disfracfibilify 
gradually subsides. Impafience, irrifabilify, and 
frusfrafion are common. The casualfy can learn fo 
accepf gradually improving funcfion insfead of per- 
fecfion in acfivifies. Family members offen can help 


sorf ouf fhe realisfic reacfions from overreacfions. 

Psychological adjusfmenf for refurning fo work 
in an area where fhe injury occurred musf be con¬ 
sidered. Few people will refurn easily fo fhe injury 
sife. Referral fo a psychologisf is appropriafe. Re¬ 
furn fo dufy af fhe earliesf possible fime maximizes 
fhe benefifs of buddy supporf, as well as roufine 
and work. Sfrengfh and coordinafion improve much 
sooner from work fhan from fherapy. Ego sfrengfh 
and social inferacfion are also improved wifh re¬ 
furn fo dufy. Feelings of anger, fear, loneliness, or 
helplessness bring pain acufely fo fhe pafienf's 
awareness.^'*® The soldier benefifs from sharing per¬ 
sonal experiences of pain relief. Former burned 
pafienfs reporf helpful assisfance from parficipaf- 
ing in a frauma survivors group. Wifh leadership 
from social workers and psychologisfs or bofh, fhe 
group is able fo deal posifively wifh symptoms such 
as disfurbing dreams, appefife disfurbance, diffi- 
culfy wifh sleep, feelings of esfrangemenf or defach- 
menf, recurrenf infrusive memories of fhe evenf, 
memory impairmenf, difficulfy concenfrafing, re- 
lucfance fo accepf a changed body image, decreased 
inferesf in sex, sensifivify fo loud noises or ofher 
cues related fo fhe accidenf, irrifabilify, and fear of 
refurning fo field dufy or ofher work. Pafienfs are 
offen referred for group parficipafion when fhese 
sympfoms are noted by fhe casualfy, family mem¬ 
bers, or involved sfaff members. 

A minor burn affecfing an exposed area of fhe 
body such as fhe face or neck may be more psycho¬ 
logically devasfafing fhan a severe burn fhaf can 
be covered wifh clofhing. In fhe evenf of disfigure- 
menf or loss of a body parf, fhe casualfy normally 
grieves fhese losses. Exfensive burns produce one 
of fhe mosf devasfafing and dehumanizing inju¬ 
ries.In addifion, premorbid psychiafric disorders, 
alcoholism, or chemical abuse are observed more 
offen in burned pafienfs fhan in ofher popula- 
fions.^'*^ Preburn psychiafric morbidify is associated 
wifh poor posfburn psychosocial adjusfmenf. 
Burn severify does nof usefully predicf psychoso¬ 
cial oufcome. 

A high incidence of PTSD among recenfly burned 
pafienfs has been nofed.^^® This syndrome is defined 
in fhe DSM IlP^® wifh specific criferia. The burn 
pafienf responds fo a recognizable sfressor fhaf 
evokes fhe disfress sympfoms. In addifion, he of¬ 
fen experiences vivid, infrusive dreams or recollec- 
fions of fhe incidenf. Ofher frequenfly noted char- 
acferisfics are an exaggerafed sfarfle response, im¬ 
paired memory, concenfrafion problems, avoidance 
of cues of fhe accidenf, and wifhdrawal from nor¬ 
mal social inferacfion, chores af home, fasks af work. 
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or participation in active duty. Treatment is aimed 
at giving the soldier as many choices as are reason¬ 
ably possible during recovery, thereby relieving a 
sense of helplessness. Stress reduction strategies 
and goal directed individual counseling are also 
beneficial. Shorf ferm pharmacological infervenfion 
may also be appropriafe. If is helpful for fhe sol¬ 
dier refurning fo acfive duly fo know fhaf exacer- 
bafion of PTSD may occur following such evenfs as 
fhe dedicafion of fhe Viefnam War Memorial. 
Reading abouf a similar burn injury may also re¬ 
vive PTSD symptoms. 

Refurn fo acfive dufy improves fhe casualfy's 
self-concepf. The burn physician musf consider fhe 
dufy fasks and fhe progress of fhe wound when rec¬ 
ommending refurn fo acfive dufy (Figure 10-108). 
Food handlers musf remain off-dufy unfil open ar¬ 
eas are closed and wound culfures reveal no pafho- 
gens. Heavy laborers may need job modificafions 
when fhey firsf refurn fo dufy. Offen a fransifion 
period of half-day work progressing slowly fo full- 
fime work is needed. Rehabilifafion counselors, 
nurses, or OTs can assisf wifh changes in fhe work 
seffing when fhese are needed. The adapfafions are 
offen inexpensive: for example, placing a foof sfool 
near a bench or counfer, on which fhe soldier places 
his alfernafe foof for half-hour periods; or arrang¬ 
ing ifems wifhin fhe reach of fhe soldier so he will 
nof have fo reach beyond his confer of balance when 
he firsf refurns fo dufy. 

Appraising fhe exfenf of fhe burn injury and ob- 
jecfively esfimafing residuals fhaf affecf perfor¬ 
mance are mosf accurate when based on objecfive 
criferia^®^ and experienced predicfion. Rafing per- 
manenf impairmenf is a physician's funcfion. Dis- 
abilify or handicap is related fo performance loss, 
preinjury age, educafion, economic and social sifu- 
afions, sex, and fhe burned person's affifude toward 
recovery. The physician has fhe final responsibilify 
in defermining when if is medically safe for fhe sol¬ 
dier fo refurn fo acfive dufy. 

Nutritional Care of Burn Patients 

The burn injury results in major changes in me¬ 
tabolism that are believed to be largely hormone 
mediated due to increased catecholamines, gluco¬ 
corticoids, and glucagon-to-insulin ratios. The 
metabolic alterations include increased gluconeo- 
genesis, proteolysis, ureagenesis, and decreased li- 
polysis and ketone utilization. In addition, destruc¬ 
tion of fhe skin barrier resulfs in physiologic losses 
of heaf, wafer, and wafer soluble nufrienfs. These 
changes resulf in increased energy expendifure, in¬ 


creased nifrogen losses, and changes in nufrienf me- 
fabolism. 

The hypermefabolic-cafabolic response becomes 
evidenf wifhin 2 fo 3 days of fhe burn injury, reaches 
a peak befween 4 and 20 days, and fhen gradually 
decreases wifh wound closure and healing. The 
magnifude and durafion of fhe response can be de¬ 
creased, fhough nof fofally ameliorafed, by placing 
fhe pafienf in a warm environment providing ad- 
equafe pain relief, complefing early wound closure, 
applying occlusive wound dressings, and prevenf- 
ing sepsis. Thus, nufrifional supporf should be ini- 
fiafed early, meef esfimafed needs, and be moni¬ 
tored closely fo promofe healing. 

Nufrifional supporf for fhe burned pafienf may 
include any combinafion of dief, oral supplemenfs, 
and fube or parenteral feeding, or bofh. Nufrifional 
care includes early assessmenf of nufrifional re- 
quiremenfs, developmenf of an appropriafe nufri¬ 
fional care plan, and close moniforing of fhe ad¬ 
equacy of nufrifional infake. 

Nutritional Assessment 

Tradifional indexes of nufrifional sfafus such as 
anfhropomefric measuremenfs, weighf, plasma pro¬ 
teins, and immunocompefence are of limited value 
when assessing burned pafienfs since fhey are al¬ 
tered by fhe injury ifself. Thus, nufrifional assess¬ 
menf should be aimed af esfimafing currenf nufri¬ 
fional requiremenfs. 

Energy. Energy needs can be esfimafed using 
equafions based on body size, age, and acfivify level 
or percenfage of burn, or bofh; if can also be mea¬ 
sured using indirecf calorimefry. For children, en¬ 
ergy needs for growfh should be included in fofal 
energy esfimafes. Preburn weighf should be used 
whenever possible because posfburn weighfs are 
affecfed by edema and bulky dressings. Exhibif 10- 
10 summarizes fhe mosf commonly used equafions 
for esfimafing energy requiremenfs in adulf and 
pediafric pafienfs fhaf were idenfified in a recenf 
survey of US burn centers. 

A crificism of fhese equafions is fhaf fhey fre- 
quenfly overesfimafe energy needs, parficularly for 
pafienfs wifh greater fhan 50% TBSA. Sfudies^'’^'^^ 
using indirecf calorimefry fo measure energy expen¬ 
difure indicafe fhaf fhere appears fo be an upper 
limif of energy expendifure af approximafely fwice 
basal energy esfimafes. 

Serial measuremenfs of resfing energy expendi¬ 
fure by indirecf calorimefry are increasingly being 
viewed as fhe besf mefhod fo defermine fhe energy 
requiremenfs of a burn pafienf. Indirecf calorimefry 


684 


Rehabilitation Management of Burn Casualties 


PATIENT QUESTIONNAIRE 

PHYSICAL ISSUES TO BE ADDRESSED BEFORE RETURN TO WORK OR ACTIVE DUTY 


Yes No 

Epithelial system 

_ _ 1. Is the skin intact? 

_ _ 2. Are pathogens absent from the open areas (if the skin has open areas)? Which pathogens are present? 

_ _ 3. Is the skin moist, supple and resistant to low humidity? 

_ _ 4. Is the partial thickness healed skin durable enough for the person’s occupation? 

_ _ 5. Are the sheet and meshed grafts durable? 

_ _ 6. To what extent can the employee’s skin tolerate exposure to extremes of heat? 

_ _ 7. To what extent can the employee’s skin tolerate exposure to extremes of cold? 

_ _ 8. Does the healed skin tolerate unfiltered ultraviolet light? 

_ _ Has protective re-pigmentation developed? 

_ _ 9. What is the tolerance to contact with chemicals or petroleum products? 

_ _ 10. What is the skin’s tolerance to exposure to vapors such as ammonia in cleaning solvents or animal urine 

_ _ 11. Is the healed skin resistant to dust? 

_ _ 12. Are scar control garments still needed? Do these interfere with work? 

_ _ 13. Is the skin cosmesis altered? 

_ _ Has redness faded? 

_ _ Are hypo- or hyperpigmentation permanent? 

_ _ In what areas? 

_ _ Is the skin thinned, wrinkled? 

_ _ Is the mesh graft pattern faded? 

_ _ Has the healed donor changed color? 

_ _ 14. Is unsightly disfigurement present, especially in the facial and hand areas? Can it be camouflaged? 

_ _ Does it interfere with job performance? 

Cardiovascular/respiratory system 

_ _ 15. Is chronic edema a problem in dependent tissues? Are external vascular supports needed? 

_ _ Do they interfere with job performance? 

_ _ 16. Is there loss of respiratory capacity? 

_ _ 17. Has normal endurance returned? 

_ _ Does tiredness interfere with job performance? How many hours of work can the employee tolerate? 

Musculoskeletal system 

_ _ 18. Are joint contractures present? Do these interfere with job performance? 

_ _ 19. Does the employee exhibit decreased eye-hand coordination and impaired dexterity? 

_ _ 20. Has the patient achieved maximum benefits from therapy? 

_ _ Is strength normal for age group? Does weakness interfere with job performance? 

_ _ 21. Have accompanying bone fractures, osteomyelitis or septic joints healed? 

_ _ 22. Are amputations present? Has the prosthesis been fitted? Is the patient using it in a coordinated, useful 

_ _ way? 

Nervous system 

_ _ 23. Does the employee have residual pain? Does it interfere with job performance? Prolonged activity? 

_ _ What pain medications is the patient taking? 

_ _ 24. Is the employee’s sensation changed? 

_ _ Has he learned to compensate for this? 

_ _ 25. Is brain function changed? 

_ _ Is the patient depressed? 

_ _ What psychotropic medications is the patient taking? 

_ _ 26. Is there fear of returning to work or places where similar cues as the place of injury are encountered? 

_ _ 27. Is chronic itching resolved? 

_ _ What itch medications is the patient taking? 

_ _ 28. Is sexual dysfunction and changed body image being resolved? 

Eye, ear, nose, and throat systems 

_ _ 29. Are there any changes in hearing? Do they interfere with job performance? 

_ _ 30. Does the patient hear “buzzing,” ringing or other sounds? Does it interfere with job performance? 

_ _ 31. Is visual impairment present? Does it interfere with job performance? 

_ _ 32. Does the patient have “dry” eyes? Does this interfere with vision or cause pain? 

_ _ 33. Does the patient have frequent nose bleeds? 

_ _ 34. Does the patient have a dry nose? 

_ _ 35. Does the patient have hoarseness? 

_ _ Adequate vocal volume? 

_ _ Proper enunciation to be understood? 


Fig 10-108. The patient questionaire used when the bum physician is evaluating the casualty for readiness to return to duty. 
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EXHIBIT 10-10 

FORMULAS FOR ESTIMATING ENERGY REQUIREMENTS 


ADULTS 

Modified Harris-Benedict Equations (BEE) 

Long: BEE x activity factor x injury factor^ 

Activity factor = 1.2 in bed; 1.3 out of bed 
Injury factor = 2.1 severe injury (> 45% TBSA) 

Wilmore: BEE x Injury factor for 20% to 45% TBSA = 1.6 to 2.0^ 

Bell: BEE x 2^ 

Curreri Formulas 

Ages 16 - 59 years: 25 kcal/kg + (40 x % TBSA)^ 

> 60 years: 20 kcal/kg + (65 kcal/kg x % TBSA)^ 

CHILDREN 

Curreri Junior Formulas'’ 

0 to 1 year = Basal Calories + 15 kcal x % TBSA 

1 to 3 years = Basal Calories + 25 kcal x % TBSA 
3 to 15 years = Basal Calories + 40 kcal x % TBSA 

Galveston Formulas (Hildreth) 

Infants < 1 year: 2,100 kcal/m^ + 1,000 kcal/m^ burn^ 

2 to 12 years: 1,800 kcal /ref + 1,300 kcal/m^burn® 

Teens: 1,500 kcal/m^ + 1,500 kcal/m^ burn® 

Wolfe Formula'” 

BEE X 1.55 to 2 

Harris-Benedict Equation (Basal Energy Expenditure, BEE) 

Male: 66.47 + [13.75 x (Wt in kg)] + [5.00 x (Ht in cm)] - [6.76 x (Age in years)] 

Female: 655.10 + [9.56 x (Wt in kg)] + [1.85 x (Ht in cm)] - [4.68 x (Age in years) 

Sources: (1) Long CL, Schaffel BS, Geiger JW, Schiller WR, Blakemore WS. Metabolic response to injury and illness: 
estimation of energy and protein needs from indireef calorimefry and nifrogen balance. / Parenteral Enteral Nutrition. 
1979;3:452-456. (2) Wilmore DW. The Metabolic Management of the Critically III. New York: Plenum Medical Book Co; 
1977. (3) Bell SJ, Wyall J. Nufrifional guidelines for burned patienfs. / Am Dietetic Assoc. 1986;86:647-653. (4) Curreri 
FW, Richmond D, Marvin J, Baxter CR. Diefary requiremenfs of patienfs wifh major burns. / Am Dietetic Assoc. 
1974;65:415-417. (5) Adams MR, Kelley CH, Luferman A, Curreri PW. Nufrifional requiremenfs of the burned senior 
citizen: The Curreri senior formula. Proc Am Burn Assoc. 1987;19:83. (6) Day T, Dean P, Adams MC, Luferman A, 
Ramenofsky ML, Curreri PW. Nufrifional requiremenfs of the burned child: The Curreri junior formula. Proc Am Burn 
Assoc. 1986;18:86. (7) Hildreth MA, Herndon DN, Desai MH, Broemeling LD. Caloric requirements of burn patienfs 
under one year of age. Proc Am Burn Assoc. 1992;24:153. (8) Hildreth MA, Herndon DN, Desai MH, Broemeling LD. 
Current treatment reduces calories required to maintain weight in pediatric patients with burns. / Burn Care Rehabil. 
1990;11:405-409. (9) Hildreth MA, Desai MH, Herndon DN, Duke MA. Caloric needs of adolescenf patienfs wifh burns. 
/ Burn Care Rehabil. 1989;100:523-526. (10) Gorman M, Broemeling L, Herndon DN, Peters EJ, Wolfe RR. Estimating 
energy requirements in burned children: A new approach derived from measuremenfs of resfing energy expenditure. 
Am ] Clin Nutrition. 1991;54:35-40. 


involves the use of a portable metabolic cart that 
measures respiratory gas exchange from which rest¬ 
ing energy expenditure is calculated. This measured 
energy expenditure includes the increased needs 
due to the injury but not the energy needed for ac¬ 
tivity because it is performed when the patient is at 
rest. Additions of 10% to 30% for activity are rec¬ 
ommended to estimate total calorie needs. A respi¬ 
ratory quotient (RQ) also can be derived that allows 
estimation of overfeeding (RQ > 1.0) or underfeeding 
(RQ ~ 0.7). Indirect calorimetry is, however, relatively 


expensive, time consuming, and requires an experi¬ 
enced technician to obtain reproducible results. 

Whatever method for estimating energy need is 
used, it should be reevaluated at least weekly dur¬ 
ing the early recovery stages. Qverfeeding can re¬ 
sult in increased respiratory requirements and car¬ 
bon dioxide production, hyperglycemia, osmotic 
diarrhea, and fatty liver. Underfeeding can affect 
wound healing and immunocompetence. Several 
studies have measured energy needs over time fol¬ 
lowing the burn.'”® 
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Protein. The burn injury results in profound 
changes in protein metabolism with an increase in 
liver synthesis of acute phase proteins. Energy 
needs are met by muscle proteolysis, which results 
in muscle wasting. In addition, significant amounts 
of protein are lost through the open wound. Al¬ 
though optimal protein requirements are unknown, 
current protein recommendations for adults and 
children are 20% to 25% of total calories or a calorie 
to nitrogen ratio of 100:1 to 150:1.^“'^“ This is ap¬ 
proximately 80% to 100% above maintenance needs. 
However, it remains unclear if increasing protein 
intake results in increased anabolism.^®® Protein in¬ 
take should be adjusted serially, based on nitrogen 
balance, whenever possible. 

Recent studies have focused on the need for and 
role of specific amino acids in nutritional support 
of the burn patient. Arginine supplementation has 
been shown to improve cell mediated immunity and 
wound healing and decrease morbidity and mor¬ 
tality in several studies.Arginine at 2% of calo¬ 
ries is recommended by those researchers. 
Glutamine supplementation is advocated by oth¬ 
ers because of its role in preserving gut integrity, 
and decreasing translocation and wound infec¬ 
tions.Some researchers advocate 0 to 40 g per 
day.^^® Use of high branched-chain amino acid for¬ 
mulas have not been found to be beneficial to burn 
patients. 

Carbohydrate and fat. Alterations in carbohy¬ 
drate metabolism during the acute postburn phase 
include increased glucose production from gluco- 
neogenesis. Carbohydrate is the primary energy 
substrate but should be limited to approximately 5 
to 7 mg/kg/min, the maximum oxidation rate in 
adults.At higher rates, hyperglycemia and os¬ 
motic diuresis can occur, and the carbohydrate is 
converted to fat and the sequelae associated with 
overfeeding. 

The optimal amount and type of lipid to use in 
nutritional support of the burn patient is contro¬ 
versial and currently the subject of extensive re¬ 
search. During the acute postburn phase, there is a 
decrease in lipolysis since protein is the preferred 
fuel source, and an increase in serum free fatty ac¬ 
ids and triglycerides. Lipids are a concentrated 
source of calories for the burn patient, but high lev¬ 
els of lipid intake, especially long chain polyunsatu¬ 
rated fats, may impair immune function. Modifica¬ 
tion of lipid intake with omega-3 fatty acids have 
been shown to improve immune competence and 
tube feeding tolerance.Medium chain triglycer¬ 
ides may be helpful in decreasing omega-6 fatty acid 
intake, yet provide an easily absorbable source of 


fat calories. Many enteral formulas contain medium 
chain triglycerides as part of their fat content. Cur¬ 
rent recommendations are to limit lipids to about 
15% to 20% of total nonprotein calories. 

Vitamin and mineral requirements. Specific re¬ 
quirements for vitamin and minerals have not been 
established although it is thought there are in¬ 
creased needs for at least those nutrients involved 
in wound healing and tissue synthesis (vitamins C 
and A, and zinc). Provision of a vitamin-mineral 
supplement equal to the recommended dietary al¬ 
lowances (RDA) is commonly recommended. Add¬ 
itional daily supplements of one gram of ascorb¬ 
ic acid, 10,000 lU of vitamin A, and 250 mg of 
zinc sulfate are used at many burn centers for 
adults.Recommendations for pediatric pa¬ 
tients include a daily multivitamin equal to the RDA 
for age, vitamin C at 5- to 10-fold the RDA, and 2- 
fold the RDA for zinc.'*^ 

Nutrition Care Planning 

Development of a nutritional care plan involves 
selection of the appropriate route of nutritional sup¬ 
port and selection of the specific formula, diet, or 
supplement to be used. Early enteral support within 
the first 24 hours is the preferred method of nutri¬ 
tion support as it may attenuate the hypermetabolic 
response. 

Oral high calorie and high protein. Patients with 
small percentage burns of 1% to 20% TBSA have 
modest increases in calorie and protein needs that 
can usually be met by diet alone or with the addi¬ 
tion of between-meal supplements. The care plan 
should include individualization of meal plans and 
meal times to facilitate maximum intake because 
routine burn cares and rehabilitation frequently in¬ 
terfere with scheduled hospital meals. Calorie 
counts and documentation of supplements actually 
consumed are important for monitoring the ad¬ 
equacy of intake. 

Enteral nutrition support. Adult patients who 
have burns greater than 20% to 30% TBSA, will usu¬ 
ally require nutritional support in addition to diet. 
Pediatric patients with burns greater than about 
10% TBSA will also likely need nutritional support. 
Children, especially young children, with burns of 
an even relatively small percentage TBSA may 
refuse to eat and thus require tube feeding. The 
enteral route is preferred for reasons of safety, bet¬ 
ter utilization of nutrients, preservation of gut in¬ 
tegrity, and lower cost. Recent studies^®^'^®^ of ini¬ 
tiation of feeding within 6 to 12 hours of injury in¬ 
dicate the desirability and safety of early enteral 
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feeding. Feeding protocols that outline formula se¬ 
lection, initial goals, and initiation rates are help¬ 
ful in starting enteral nutrition support early. 

Selection of the appropriate route of enteral nu¬ 
trition (nasoenteric, nasogastric, gastrostomy, or 
jejunostomy) depends on the aspiration risk, 
patient's condition, and the expected duration of 
enteral support. Nasoenteric feedings are preferred 
by many centers since they afford decreased risk of 
aspiration and can be continued during times of 
gastric ileus and surgical procedures. Small bore 
feeding tubes should be placed under fluoros¬ 
copy past the ligament of Treitz. Tubes made of 
erythrothane or polyurethene are suitable for long 
term use since they remain soft and pliable. Gas¬ 
trostomy and jejunostomy routes are not used fre¬ 
quently in the acute phase because of the increased 
risk of wound infections in burn patients. 

A moderately low fat, high protein formula is 
recommended. Elemental or hydrolyzed protein for¬ 
mulas are usually not necessary because digestion and 
absorption are usually normal in burn patients. Iso¬ 
tonic formulas can be initiated full strength at low 
rates (25 to 50 cm^/h) and advanced to the goal over 
24 to 48 hours. Complications include aspiration, 
diarrhea, metabolic abnormalities, and mechanical 
problems. Usually these can be treated or reduced 
without discontinuing the tube feeding. 

Parenteral nutrition support. Parenteral nutri¬ 
tion support should be reserved for patients who 
have a nonfunctioning gastrointestinal tract or as a 


supplement to enteral nutrition when requirements 
cannot be achieved enterally. Close attention to line 
care is essential since the burn patient has a high 
risk of developing infection and sepsis. 

Nutritional Monitoring 

Monitoring the adequacy of nutritional intake is 
an essential component of the nutritional care of the 
burn patient regardless of the route of support. Be¬ 
cause no single parameter accurately indicates nu¬ 
tritional status and most parameters are altered by 
the burn injury, several indexes should be selected 
for monitoring. These parameters are followed se¬ 
rially for trends rather than using their absolute 
values. Weight, nitrogen balance, calorie counts, 
and visceral protein status are useful when evalu¬ 
ated globally, along with consideration of the 
patient's clinical situation. Weight changes should 
be evaluated in relation to preburn weight and as a 
trend. Nitrogen balance requires an accurate 24- 
hour urine collection and a record of the patient's 
protein intake. Nitrogen excretion should be modi¬ 
fied to include open wound losses. Two formulas 
proposed by Bell and Waxman are shown in Exhibit 

10_11 185,186 

Calorie counts are particularly important when 
a patient is being transitioned from parenteral or 
enteral support to oral diet or when diet is provid¬ 
ing all of the nutritional support for the patient with 
significant surface areas burns. 


EXHIBIT 10-11 

NITROGEN BALANCE EQUATIONS 

Nitrogen balance = Nitrogen intake - (total urinary Nitrogen [TUN] + fecal nitrogen loss + wound nitrogen loss) 
(If TUN is not available, use urinary urea nitrogen [UUN] plus 1 to 2 g for nonurea nitrogen) 

Equations to estimate wound nitrogen Loss: 

BelP: < 10% burn = 0.02 gm nitrogen/kg/day 

11% to 30% burn = 0.05 gm nitrogen/kg/ day 
> 31% burn = 0.12 gm nitrogen/kg/day 

Waxman^: 

Postburn days 1 to 3 = 0.3 x BSA x % burn 

Postburn days 4 to 16 = 0.1 x BSA x % burn 

BSA: body surface area in m^ 

Sources: (1) Bell SJ, Molnar JA, Krasker WS, Burke JF. Prediction of total urinary nitrogen from urea nitrogen for burned 
patients. / Am Dietetic Assoc. 1985;85:1100-1104. (2) Waxman K, Rebello R, Pinderski L, et al. Protein loss across burn wounds. 
/ Trauma. 1987;27:136-139. 
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Visceral protein status is difficult to evaluate be¬ 
cause all of fhe indexes (albumin, fransferrin, pre¬ 
albumin, and refinol binding profein) are abnor¬ 
mally low in pafienfs wifh major burns. Albumin is 
fhe pooresf indicafor due fo ifs long half-life (21 d) 
and suscepfibilify fo fluid shiffs. Transferrin (half-life 
~ 8 days) or prealbumin (half-life ~ 2 days) are bef- 
fer indicafors of fhe pafienf's response fo nufrifional 
infake. Trends should be evaluafed along wifh ofher 
paramefers. Nufrifional supporf requires fhe coop- 
erafion and supporf of fhe enfire burn feam fo plan, 
provide, and monitor adequafe nufrifional infake. 

Neurologic Problems in Burn Patients 

Neurologic problems, many of which are pre- 
venfable in burn pafienfs, are fhe resulf of many 
efiologies. If is imporfanf fo undersfand fhe efiolo- 
gies of fhese deficifs so precaufions can be faken 
for prevenfion. Early recognifion and freafmenf may 
help fo prevenf permanenf deformify. Peripheral 
neuropafhies are frequenf and, yef, fhe diagnosis is 
offen missed and fhe clinical weakness or afrophy 
nofed is affribufed fo disuse weakness as a resulf 
of prolonged hospifalizafion wifh periods of forced 
immobilify. The incidence of peripheral neuropa- 
fhy has been reporfed af almosf 30%. The mosf fre- 
quenfly diagnosed neuromuscular abnormalify is 
generalized peripheral neuropafhy, which com¬ 
monly presenfs as disfal weakness in fhe upper and 
lower exfremifies. The pafienf's complainf, how¬ 
ever, is usually lack of endurance and easy fafiga- 
bilify, nof weakness. When weakness is nofed, if 
occurs in fhe burned as well as unburned exfrem- 
ify. Clinically defecfed sensory deficifs are uncom¬ 
mon. However, wifh elecfrodiagnosfic fesfing, slow¬ 
ing of sensory nerve conducfion velocifies is de¬ 
fecfed. There is a greafer incidence of peripheral 
neuropafhies as fhe burn size increases above 20% 
TBSA in adulfs and 30% TBSA in children. Elecfri- 
cal burn pafienfs develop neuropafhies wifh smaller 
burns. The cause of generalized neuropafhies is nof 
enfirely undersfood buf is probably mulfifacforial, 
relafed fo foxic, nufrifional, and mefabolic facfors. 
Addifional research is needed fo discover preven- 
five infervenfions for fhe generalized neuropafhies. 
Localized neuropafhies are of greaf concern because 
fhey are probably relafed fo prevenfable causes such 
as compression or sfrefch injuries of a peripheral 
nerve or damage from inframuscular injecfions.^®^ 

Predisposing facfors make some pafienfs more 
suscepfible fo neuropafhies: fhe aged are more 
prone fo develop compression neuropafhies be¬ 
cause fheir peripheral nerves do nof folerafe pres¬ 


sure well, and older pafienfs are less mobile. Alco¬ 
holics and diabefics are also prone fo neuropafhies 
because of already diseased nerves. 

The mosf commonly affecfed peripheral nerves 
are fhe peroneal, ulnar, and brachial plexus. The 
peroneal nerve is prone fo bofh pressure and sfrefch 
injury. If courses around fhe fibular head and is 
covered only by skin and superficial fascia. Pro¬ 
longed sidelying in bed creafes excess pressure 
along fhe course of fhe nerve. Addifionally, fhis 
nerve can be compressed by orfhoses or elasfic com¬ 
pression applied foo fighfly over fhe fibular head. 
Bulky wraps used for immobilizafion posfgraffing 
musf be applied so as fo limif compression and ac- 
fually provide pressure relief fo fhis area. Sfrefch 
neuropafhies occur by improper posifioning wifh 
fhe hips flexed, abducfed, exfernally rofafed wifh 
knee flexion, planfar flexion, and inversion of fhe 
foof. This "frogleg" posifioning is assumed by fhe 
pafienf because if is fhe posifion of comforf for fhe 
burn casualfy. Therefore, prevenfive measures in¬ 
clude low air loss beds, rofafing fhe sidelying bed 
posifion, and posifioning fhe knees in extension and 
fhe feef in dorsiflexion when fhe casualfy is supine. 
Hip frochanfer rolls are used fo posifion fhe leg, 
rafher fhan knee rolls. 

Ulnar neuropafhies occur in a similar manner. 
The ulnar nerve is af risk of compression as if passes 
fhrough fhe cubifal funnel af fhe elbow. When fhe 
elbow is pronafed, fhe funnel is narrowed. The burn 
vicfim commonly lies wifh fhe elbow elevafed on 
pillows or arm froughs flexed af approximately 90° 
and pronafed. The ulnar nerve fhereby receives bofh 
exfernal and infernal compression. The subsequenf 
damage fo fhe ulnar nerve resulfs in weakness of 
fhe ulnar infrinsic muscle of fhe hand, which causes 
a claw hand deformify wifh loss of sensafion fo fhe 
ulnar side of fhe hand. Prevenfion wifh proper po¬ 
sifioning would include limifing fhe exfernal pres¬ 
sure applied over fhe cubifal funnel as well as 
avoidance of fhe sfafic pronafed posifion. 

Brachial plexus neuropafhies are somefimes 
blamed on fhe use of sfrenuous sfrefching fech- 
niques. However, fhe problem is more likely caused 
by improper posifioning. When fhe arm is flexed fo 
90° and exfernally rofafed, fhe clavicle comes info 
close proximify fo fhe firsf rib and can impinge on 
fhe plexus. This impingemenf can be prevenfed, 
however, by horizonfally adducfing (forward flex¬ 
ion) fhe arm fo 30°. The sfaff should monitor a ca¬ 
sualfy carefully when fhis posifion is necessary for 
a prolonged period posfgraffing. The arm may be 
safely posifioned in abducfion of up fo 120° as long 
as sufficienf horizonfal adducfion is allowed. The 
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plexus is prone to injury in the operating room es¬ 
pecially if the patient is supine and the arm is al¬ 
lowed to be abducted and not elevated above the 
level of fhe operafing fable. Also, if an axillary con- 
fracfure is released, greaf care musf be faken nof fo 
oversfrefch fhe also confracfed neurovascular 
bundle. 

Tourniquef injuries are seldom seen wifh fhe ad- 
venf of pneumafic fourniquefs in fhe operafing 
room. However, fhese fourniquefs, which are so 
imporfanf in providing a bloodless field necessary 
for fangenfial incision and graffing, musf be used 
wifh care so as nof fo cause eifher direcf pressure 
damage fo underlying sfrucfures or cause ischemic 
injuries fo disfal fissues. 

Bone and joinf changes are common complica- 
fions following fhermal and elecfrical injuries.^®® 
Commonly nofed changes include infernal changes 
in bone, such as osfeoporosis; bone necrosis; bone 
growfh disorders in children; and periosfeal bone 
formafion. Early mobilizafion and weighf bearing 
is fhoughf fo diminish fhe risk and severify of os¬ 
feoporosis. Periarficular changes include hefero- 
fopic ossificafion and calcific fendonifis. Hefero- 
fopic ossificafion has been reporfed wifh an inci¬ 
dence befween 13% and 23%. No definife efiology 
is known, alfhough superimposed frauma or re¬ 
pealed minor frauma wifh local hemorrhage have 
been considered. Aggressive sfrefching wifh local 
frauma has also been implicafed. Generally, periar¬ 
ficular ossificafion is nofed in fhe area of deep burn, 
alfhough if has been nofed in areas disfanf from fhe 
burn; fhe elbow is fhe mosf common sife, alfhough 
fhe shoulder and hip are also common sifes. if 
should be considered if fhere is a sudden onsef of 
joinf pain; swelling or redness may nof be easily 
defecfed in fhe burn pafienf. When fhis diagnosis 
is made by plain radiograph or bone scan, fhe re- 
habilifafion fherapy consisfs of AROM exercises 
wifhouf sfrefching and orfhofic posifioning in fhe 
posifion of maximal funcfion. 

Joinf changes such as sepfic arfhrifis and anky¬ 
losis occur when fhe injury occurs deep info fhe 
joinf or when bacferemia seeds fhe joinf. When a 
joinf is fhoughf fo be infecfed, if should be posi- 
fioned and resfed using a sfafic orfhofic device in a 
funcfional posifion. If ankylosis occurs secondary 
fo fhe sepfic process, fhe joinf will fhen be af a maxi¬ 
mal posifion of funcfion. Dislocafion occurs from 
improper posifioning of a injured joinf or, more 
commonly, by skin confracfure. If a joinf is subluxed 
by a skin confracfure, orfhofic managemenf should 
be insfifufed immediafely. If fhe orfhosis cannof 
adequafely confrol fhe deformify, infernal fixafion 


or release of fhe confracfure or bofh should be 
sfrongly considered. 

Plastic Surgery Strategies and Rehabilitative 
Considerations 

Timing of reconsfrucfive surgery and subsequenf 
rehabilifafion feam efforfs are a significanf consid- 
erafion during fhe rehabilifafive phase of burn re¬ 
covery. Correcfly fimed, fhe pafienf improves func- 
fionally, cosmefically, and psychologically. Incor- 
recfly fimed, fhe pafienf loses funcfion, wasfes valu¬ 
able donor areas, and receives no benefif from fhe 
procedure. 

Plasfic surgeons avoid fhe words cosmefic and 
cosmesis, which confinually emerge in fhe discus¬ 
sion of burn injuries. These descripfive words have 
connofafions in American language fhaf resulf in 
misinferprefafion of fhe procedures being consid¬ 
ered. Once a surgical procedure is fermed "cos¬ 
mefic," if carries a fainfed, frivolous idenfify. Al- 
mosf no procedure for reconsfrucfing fhe burn pa¬ 
fienf fifs fhis cafegory. Plasfic surgeons fully under- 
sfand fhe medical necessify of funcfional recon¬ 
sfrucfive surgery, which is vifal for pafienfs, fo en¬ 
able fhem fo perform skillful work, recreafion, and 
family life wifh self-confidence. This reconsfrucfion 
for funcfion should nof be confused wifh "cosmefic" 
inf ervenf ions. 

In addifion fo reconsfrucfive surgery, plasfic sur¬ 
geons recommend camouflage make-up. Cosmefic 
producfs fhaf are used fo enhance appearance and 
self-confidence for bofh male and female pafienfs 
should nof be considered unnecessary or frivolous. 

The phases of recovery addressed by fhe plasfic 
surgeon include fhe acufe phase, during which fhe 
wounds are closing, and fhe wound mafurafion 
phase, during which fhe scars are mafuring. The 
ideal fime fo underfake reconsfrucfive surgery is 
affer fhe scars have become mafure. However, fhere 
are a few specific sifuafions in which reconsfruc¬ 
fion musf begin earlier. In many cases fhe pafienf 
wanfs reconsfrucfion af an early dafe, and one musf 
give a fhorough explanafion of fhe disadvanfages 
of increased inflammatory scar deposifion during 
fhe early scar mafurafion phase. As fime progresses 
and fhe scars mafure, fhe pafienf offen becomes 
more safisfied wifh fhe appearance of fhe scars. 

In addifion, as fhe person becomes involved in 
former acfivifies, he is less inferesfed in prolonged 
inferrupfions for operafions or in-hospifal care. 

The reconsfrucfive surgeon and fhe pafienf se- 
lecf fhe mosf froubling funcfional deficifs or disfig¬ 
uring scars or bofh and discuss fhe possible correc- 
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tion. The patient takes an active part in the plan¬ 
ning process. Surgical teams frequently perform 
mulfiple operafions under fhe same anesfhefic so 
fhaf fhe fime is used efficienfly and recovery fime 
is minimal. For insfance, a 5fh finger flexion con- 
fracfure is released af fhe same fime as a web space 
confracfure is correcfed wifh a Z-plasfy on fhe same 
hand. Only one hand is operafed on af a single sif- 
fing and early mofion cases are nof mixed wifh pro¬ 
cedures fhaf require immobilizafion. In mosf cases, 
exfernal vascular supporf garmenfs are nof worn 
and compression is usually nof helpful affer fhe 
reconsfrucfive operafions. If difficulfy wifh hyper- 
frophic scarring develops affer reconsfrucfion, fhe 
feam fhen sfarfs using pressure, gel sheefs, or 
infralesional sferoids. If is imporfanf in discussing 
fhe rehabilifafion of burn pafienfs fo undersfand fhe 
choices available for reconsfrucfion. Generally fhe 
reconsfrucfive surgeon defermines fhe problem fo 
correcf, and fhen considers mulfiple ways of per¬ 
forming fhe correcfions. The surgeon fhen chooses 
fhe opfimal mefhod for a parficular pafienf as well 
as a backup procedure in case of complicafions or 
fissue loss posfoperafively. 

Skin Graft 

Skin graffs for reconsfrucfion are fhe mosf com¬ 
mon source of covering fissue. For fhe besf oufcome, 
new donor sifes should be available in unscarred 
areas, and fhese areas musf be accepfable fo fhe 
pafienf because of fhe resulfing donor sife scars. 
Thicker skin graffs are used for reconsfrucfion fhan 
fhose in fhe inifial skin graffs. The fhin graffs con- 
fracf far more fhan fhe fhicker graffs buf fake wifh 
greafer cerfainfy. Any skin graff done when fhe scar 
fissue is acfive confracfs severely, limifing fhe pos- 
sibilifies available fo fhe plasfic surgeon. The con- 
fracfion in immafure scars is relafed fo fhe presence 
of fhe myofibroblasf in fhe healing scar in confrasf 
fo fhe mafure scar. In some areas of fhe body, con- 
fracfion of fhe graff provides a poor funcfional ouf¬ 
come so fhaf full fhickness graffs are desirable. Such 
areas are fhe lower eyelids, dorsum of fhe fingers, 
nasal fip, ala, and upper lip. Reconsfrucfion of fhe 
ala will require using composife graffs fhaf include 
skin, faf, and carfilage. 

Flaps 

Skin flaps are frequenfly used in burn reconsfruc¬ 
fion when vifal sfrucfures need coverage. These may 
be used in any phase of fhe reconsfrucfion, and vari¬ 
ous flaps are used for differenf purposes. Musculo- 


cufaneous flaps or muscle flaps are offen used 
acufely fo cover bone, vascular graffs, or vifal or¬ 
gans exposed by fhe burn ifself. Musculocufaneous 
flaps are also used during fhe reconsfrucfive pro¬ 
cedures. Muscle provides excellenf blood supply, 
new lymphafics, and fhick composife coverage. In 
some cases fhe inifial reconsfrucfions are bulky and 
do nof shrink adequafely, so fhaf fhe volume musf 
be reduced af a lafer procedure. 

Free flaps are used fo provide blood supply fo 
large avascular areas such as fhe scalp following 
elecfrical injury. These flaps require a microvascu- 
lar anasfomosis and a very specialized and indi¬ 
vidualized donor sife. For example, a free flap of 
omenfum has been used fo cover a complefe scalp 
defecf. An overlying skin graff is fhen required (see 
Figure 10-20). Abdominal burns or gasfroinfesfinal 
pafhology may make fhis choice unwise; if so, a 
lafissimus dorsi flap may be selecfed.^®''^” A fhin, 
free flap including skin, such as a dorsalis pedis 
flap, may be beffer fhan a muscle flap reconsfruc¬ 
fion, which would require an addifional overlying 
skin graff. Free flaps are useful in all phases of burn 
healing and allow for a greaf deal of creafivify and 
flexibilify for fhe plasfic surgeon. 

Axial flaps are long, cufaneous flaps fhaf have 
an anafomically recognized arfery and vein wifhin 
fhe flap ifself. The flap is eifher fumed, rofafed, or 
moved info posifion. Axial flaps are usually used 
for hand procedures such as a pollicizafion or is¬ 
land pedicle finger pulp reconsfrucfion. 

Random or local flaps were fhe earliesf flaps 
used, do nof have a recognized arfery, and are used 
almosf anywhere on fhe body surface. The skin flap 
survives on fhe subdermal plexus of vessels. These 
flaps may undergo a delay procedure fo enlarge fhe 
flap. Tissue expansion may be ufilized fo expand 
fhe size of fissue available. 

The Z-plasfy is a procedure using mulfiple small 
flaps fo lengfhen a confracfure. Z-plasfies may have 
mulfiple flaps sef around a specific joinf or have 
mulfiple flaps sef along a confracfion line. Occasion¬ 
ally, fhese flaps are mixed wifh small skin graffs. 

Timing of reconsfrucfions may depend on fhe 
fype of burn wounds. Chemical and fhermal burns 
may need no reconsfrucfion af all as fhey slowly 
improve. Radiafion burns, in confrasf, fend fo be 
chronic and gradually worsen. These injuries re¬ 
quire lafe debridemenf and flap coverage years af¬ 
fer fhe inifial frauma. Skin graffs in fhese cases are 
ineffecfive; musculocufaneous flap coverage fo pro¬ 
vide a new blood supply is ideal. 

Elecfrical burns offen require reconsfrucfion dur¬ 
ing fhe acufe phase of burn injury. These burns ex- 
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Fig. 10-109. Care of deep thermal burn of the leg. (a) Deep thermal burn of right foot dorsum with tendon involve¬ 
ment. (b) Exposed tibia on the same patient's opposite extremity, (c) Closure of both wounds 10 months later with 
free flap to foot, (d) Closure of open tibia with gastrocnemius muscle flap. 


pose vital structures such as tendons, bones, or vis¬ 
cera, which must be covered. Rarely will split thick¬ 
ness skin grafts provide the quality of coverage 
needed, and flaps are vifal fo infroduce new blood 
supply during fhe firsf few weeks. Musculocufane- 
ous flaps and free flaps are fhe mosf adaptable 
methods for coverage of elecfrical wounds (Figure 
10-109). 

Release of an axillary confracfure is relafed fo 
funcfion of fhe shoulder. Resurfacing of fhe fore¬ 
head is relafed fo fhe pafienf's appearance. In fhe 
face, reconsfrucfion and funcfion begin fo merge. 
The funcfion of fhe facial skin is fo idenfify fhe in¬ 
dividual, fransmit emofion in communicafion, pro- 
fecf corneas, and form fhe moufh and nose. Eye¬ 
lids, vital to the protection of fhe eye, may require 
reconsfrucfion af a very early sfage in fhe acufe 
phase of burn recovery. To correcf eyelid eversion 
or confracfion, full fhickness donor skin musf be 
obfained in sufficienf quanfify fo replace fhe eyelid 
skin. If hair-bearing skin or scarred skin is used. 


fhe resulfs may give an unaccepfable appearance 
and rapid reoccurrence of ecfropion. Reconsfrucfion 
of aesfhefic unifs of fhe face during fhe acufe phase 
gives an optimal appearance that may not be 
matched by any other procedure again until the 
patient has completed the maturation phase of burn 
wound healing. In fhe inferim, facial orfhoses, for 
example, fransparenf face masks, are fhe primary 
opfion for improving fhe appearance. 

Timing of funcfional hand burn surgery is fairly 
independenf of reconsfrucfional considerafions for 
appearance. In sociefy, hands are necessary for fheir 
funcfion and nof for fheir appearance in mosf sifu- 
afions. Affer initial closure of fhe wound, mofion 
of fingers is vifal, and surgery assumes a second¬ 
ary role unfil the wound has become mature. Once 
the skin begins to feel supple, reconsfrucfion can 
be underfaken. Skin graffs fo fhe hand need immo- 
bilizafion for 10 fo 14 days, followed by aggressive 
remobilizafion utilizing prolonged stretch and 
AAROM, AROM, and CPM equipment as necessary. 
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Extensor tenolysis is undertaken only when skin 
coverage is good. The patient must start range-of- 
motion exercises within 24 to 48 hours of extensor 
tenolysis surgery. Web space reconstruction using 
Z-plasties is managed like skin grafts with 10 to 14 
days of immobilizafion and 6 fo 8 weeks of spacers 
af nighf. If is nof unusual fo need an unexpecfed 
skin graff during a web space release because, as 
fhe scars are incised and defecfs are opened, fhe 
need for addifional skin coverage becomes obvious. 
The pafienf's needs influence fhe fiming of recon- 
sfrucfion, and all problems cannof be addressed af 
one siffing. Funcfional problems wifh hands, eye¬ 
lids, moufh, axillae, elbows, and neck are fhe mosf 
imporfanf fo fhe well being of fhe pafienf. Muscles, 
fendons, and nerves shorfen when fhe skin over a 
joinf is confracfed. In fhese cases, reconsfrucfion 
fakes a precedence even if fhe mafurafion phase has 
nof been complefed. 

Facial feafures fhemselves are nof reconsfrucfed 
unfil fhe scar fissue has become inacfive, supple. 


This chapfer was wriffen fo summarize fhe crifi- 
cal elemenfs of burn rehabilifafion of fhe injured 
soldier, and discuss and illusfrafe proper rehabili¬ 
fafion of fhe burned individual. If was wriffen by a 
feam of specialisfs including physicians, nurses, di- 
eficians, physical fherapisfs, occupafional fhera- 
pisfs, and psychologisfs. This gives if bofh a com¬ 
prehensive approach as well as a flavor of feam 
work which is needed for fhe successful rehabilifa- 


and mafure. An example would be an elecfrical burn 
involving fhe commissura of fhe moufh, such as fhaf 
which occurs from a foddler bifing info an elecfri¬ 
cal cord or sucking on an ouflef. These injuries re- 
sulf in quife exfensive fissue desfrucfion. Only af- 
fer fhese open wounds are allowed fo heal are any 
reconsfrucfions underfaken. In many cases fhe 
sponfaneous healing, wifh fhe use of a microsfo- 
mia appliance, produces such an excellenf resulf 
fhaf no furfher reconsfrucfion is necessary. 

The rehabilifafion personnel need fo undersfand 
fhe objecfives and fiming of plasfic surgical infer- 
venfions in fhe burn casualfy. They need fo consulf 
wifh fhe plasfic surgeon and provide objecfive mea¬ 
sures of funcfion. Oufcomes are improved when 
fhere is appropriafe fiming of fhe needed procedure. 
Proper posfoperafive rehabilifafion care is besf di- 
recfed by fhe plasfic surgeon who knows fhe surgi¬ 
cal infervenfion and proper fiming fo resume 
fherapy, splinfing if needed, and independenf ac- 
fivify by fhe pafienf. 


fion in a complex pafienf. 

If provides medical knowledge af fhe level of all 
feam members so as fo provide an overview for all 
caregivers. 

If is hoped fhaf if will provide an excellenf field 
guide fo all milifary personnel as well as a more 
comprehensive guide for personnel locafed in a 
designafed burn freafmenf area. More informafion 
can be found by ufilizing fhe references provided. 
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INTRODUCTION 


The science of orthotics deals with the design and 
use of orthotic devices, that is, orthoses. Orthoses 
provide joint immobilization, augment weakened 
muscles, assist in normal joint biomechanics, and 
can improve gait and the ability to conduct activi¬ 
ties of daily living (ADL). This chapter reviews 
upper and lower extremity orthoses that may 
be prescribed to treat war-injured military person¬ 
nel. 

Orthoses for upper extremities include those that 
assist the veteran who suffers from paralysis or 
paresis resulting from peripheral nerve injuries; 
from upper motor neuron lesions, such as traumatic 
brain injury (TBl); and spinal cord injury (SCI). 
Specific discussions will address orthoses com¬ 
monly used by hemiparetic patients whose condi¬ 
tions result from TBI or stroke and orthoses com¬ 
monly used by quadriplegic patients from high 
level SCI. The designs of upper extremity orthoses 
offer great flexibility, especially for the hand. Stan¬ 
dard designs of hand orthoses can be modified and 
customized to provide for the need of the individual 
patient. 


The use of lower extremity orthoses as treatment 
for neuromuscular conditions will be similarly dis¬ 
cussed, beginning with orthoses for paralysis or 
paresis resulting from peripheral nerve or upper 
motor neuron lesions (such as in TBI or SCI) or any 
combination of these. The biomechanical function 
of the orthosis will be clearly related to specific gait 
problems. Factors such as appropriate adjustment 
of the orthosis, reduction of energy consumption, 
and functional improvements will be addressed. 
This discussion will include ankle-foot orthoses 
(AFOs), knee-ankle-foot orthoses (KAFOs), and hip 
stabilization orthoses. In addition, lower extremity 
orthoses designed for the alignment of injured joints 
or bones will be discussed in terms of maintaining 
alignment and limiting weight bearing. 

To manufacture properly fitting and functioning 
orthoses, technical skill is required and a labora¬ 
tory must be available. Therefore, only a limited 
number of the devices described can be used close 
to the war theater. Most of them should be used in 
treatment programs that primarily deal with recov¬ 
ery from the injuries. 


UPPER EXTREMITY ORTHOSES 


Conditions for which orthoses are commonly pre¬ 
scribed include paralysis or paresis caused by (1) 
peripheral nerve injuries; (2) upper motor neuron 
lesions, such as TBI; and (3) high level SCIs. In some 
cases, an orthosis may be used for any of the de¬ 
scribed applications. Therefore, orthoses for all 
three conditions^ ® will be discussed here. For an 
upper extremity orthosis to be useful, two major 
functions must be provided: (1) grasp (and release) 
and (2) reach. 

Hand Orthoses 

Hand orthoses are primarily designed to provide 
grasp and release. The following six grasp functions 
of the hand are used frequently in daily activities: 
(1) fingertip prehension or palmar prehension; (2) 
lateral pinch; (3) 3-jawed chuck; (4) large grasp, spheri¬ 
cal object; (5) large grasp, cylindrical object; and (6) 
hook grasp, as for carrying a suitcase (Figure 11-1). 

Basic Principles of Attaching Orthoses to the Hand 

Due to the greater mobility of a hand and upper 
extremity in comparison to a lower extremity, a 


major problem is the firm attachment of the ortho¬ 
sis so it can be used for functional purposes, as 
shown in Figure 11-2. The basic orthosis is posi¬ 
tioned diagonally across the palm of the hand to 
accommodate a firm grip. It embraces the area of 
the fifth metacarpal and passes over the dorsum of 
the hand just beyond the third metacarpal. The third 
metacarpal is the most firmly anchored component 
of the palm of the hand, whereas the fourth and fifth 
are highly mobile in the palmar dorsal direction. 
To keep the orthosis from sliding off toward the 
ulnar side, the orthosis is anchored to the side of 
the second metacarpal; this is called a radial exten¬ 
sion (see Figure 11-2). This type of orthosis, with¬ 
out an extension across the wrist joint, is called the 
basic opponens orthosis. It is held by a strap ex¬ 
tending from the dorsal portion of the brace across 
the wrist proximal to the heel of the hand (Figure 
11-3). If the orthosis extends across the wrist into 
the forearm, it is called a long opponens orthosis. 
Modification of these orthoses will substitute for 
many of the grasp functions of the hand. 

Orthoses can substitute for grasp by (a) stabili¬ 
zation of unstable joints where motion is not 
needed, (b) transfer of power from available muscles 


704 


Orthotics for the Wounded Combatant 



4 5 6 


Fig. 11-1. Hand prehension patterns: (1) fingertip or pal¬ 
mar prehension; (2) lateral prehension; (3) 3-jawed chuck; 
(4) large object, spherical grasp; (5) large object, cylin¬ 
drical grasp; (6) hook or snap. Reprinted with permis¬ 
sion from Anderson MH. Upper Extremity Orthotics. 
Springfield, Ill: Charles C Thomas; 1965: slide 32: Vari¬ 
ous commonly used types of grasp. 



Fig. 11-2. Basic hand orthosis with radial extension. 




Fig. 11-3. Short opponens hand splint; volar view (left) 
and palmar view (right): (1) radial extension; (2) oppon¬ 
ens extension; (3) palmar arch. Reprinted with permis¬ 
sion from Anderson MH. Upper Extremity Orthotics. 
Springfield, Ill: Charles C Thomas; 1965. 

Fig. 11-4. Basic opponens 
splint with radial extension, 
opponens extension, and "C" 
bar (arrow). Reprinted with 
permission from Anderson 
MH. Upper Extremity Orthotics. 
Springfield, Ill: Charles C 
Thomas;1965. 


to move joints that are otherwise immobilized by 
the paralysis of the primary movers, and (c) use of 
exfernal power. 

If no possibilify exisfs fo fransfer power from a 
sfrong muscle fo a weaker muscle group, exfernal 
power may be needed. Two sources of power com¬ 
monly used are (1) compressed carbon dioxide 
(CO 2 ), or (2) an elecfric mofor. The applicafion of 
power is confrolled by microvalves or swifches fhaf 
require minimal force fo operafe and can be posi- 
fioned af any place where adequafe muscle func- 
fion exisfs. A small myoelecfric signal may also be 
used fhrough a microprocessor fo proporfionally 
confrol fhe exfernal elecfric power. 

Orthoses for Specific Functions 

Basic opponens orthosis. This device subsfifufes 
for opponens and abductor pollicis brevis funcfions 
as fhey occur in median nerve lesions. To subsfi- 
fufe for fhe absenf or paralyzed opposifion of fhe 
fhumb fo fhe fingers, fhe basic opponens orfhosis, 
made of aluminum, is equipped wifh an opponens 
exfension (see Figure 11-3). The opponens extension 
slides fhe fhumb, by means of pressure on fhe firsf 
mefacarpal, info opposifion fo fhe index and fhird 
finger pads. However, if does nof move fhe fhumb 
ouf of fhe palm. Therefore, grasp is only possible 
in fhe presence of funcfion of fhe abductor pollicis 
brevis, which abducfs fhe fhumb perpendicular fo 
fhe plane of fhe palm. If fhis muscle is weak or ab¬ 
senf, anofher addifion fo fhe opponens splinf (Fig¬ 
ure 11-4) is fhe so-called "C" bar, which keeps fhe 
fhumb ouf of fhe palm of fhe hand. Wifh fhese modi- 
ficafions, usually a palmar or fingerfip prehension 
can be produced, as well as a 3-jawed chuck. These 
modificafions would oppose fhe fhumb fo fhe fips 
of fhe index and fhird fingers. Thumb flexors or fin¬ 
ger flexors musf be available for grasp and fhe fin¬ 
ger exfensors are needed for release. 

The same funcfional orfhosis can be produced by 
using plasfics. By posifioning fhe fhumb againsf fhe 
fingers in fhe same fashion, an abducted and op¬ 
posed fhumb posf is creafed (Figure 11-5). Many 
ofher modificafions of fhis orfhosis using heaf- 
formed (formed when hof) plasfics are frequenfly 
used in occupafional fherapy deparfmenfs.^ Wifh 
furfher affachmenfs fo produce resfraining forces, 
fhe basic opponens orfhosis may be filfed off fhe 
hand, wifhouf added sfabilizafion againsf fhe fore¬ 
arm. Because of fhis, a long opponens orfhosis 
should be used (Figure 11-6). 

Finger and metacarpophalangeal (MCP) exten¬ 
sion attachments for conditions caused by radial 
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Fig. 11-5. Plastic basic opponens splint (Engen), keeping 
the thumb in opposition to the second and third fingers 
and abducted out of the plane of the palm. 



Fig. 11-6. Long opponens hand splint with forearm piece 
(1) and radial extension and opponens extension. Re¬ 
printed with permission from Anderson MH. Upper Ex¬ 
tremity Orthotics. Springfield, Ill: Charles C Thomas; 1965. 



Fig. 11-7. IP extension assist with MCP stop: (1) allows 
detachment from the long opponens splint; (2) MCP ex¬ 
tension stop; (3) outrigger with rubber band IP joint ex¬ 
tension assist. Reprinted with permission from Ander¬ 
son MH. Upper Extremity Orthotics. Springfield, Ill: 
Charles C Thomas; 1965. 


nerve lesions. One attachment may be used to sub¬ 
stitute for the interphalangeal (IP) joint extension. 
This orthosis (Figure 11-7) uses rubber band pulls 
with plastic sleeves to assist extension of fhe finger 
joinfs. Proximal or disfal IP join! supporf is depen- 
denf on sleeve posifion. The bar jusf disfal fo fhe 
MCP joinfs serves fo sfop fhe MCP joinfs from go¬ 
ing info hyperexfension, due fo fhe consfanf pull of 
fhe rubber bands. To prevenf hyperexfension of fhe 
IP joinfs, if is essenfial fhaf fhe rubber band fension 
is finely funed fo provide jusf enough force fo ex- 
fend fhe fingers. Clearly, fhe force of fhe rubber 
band pull musf be deducfed from fhe finger flexor 
force, since fhe fingers have fo work againsf fhe 
rubber band. Similarly, fhe exfension of fhe MCP 
joinfs can be supporfed. For example, fhis orfhosis 
should be used in cases of radial paralysis wifh 
good finger flexor sfrengfh, fhaf is, infacf ulnar or 
median nerve innervafed flexors superficialis and 
profundus. 

Long opponens splint with intrinsic bar (Figure 
11-8). Normally, IP joinfs of fhe fingers are exfended 
by fhe lumbricals and inferossei, which also flex or 
sfabilize fhe MCP joinfs; fhe exfensor digiforum 
longus exfends and, when unopposed, hyperex- 
fends fhe MCP joinfs. In fhe absence of fhese in- 
frinsic funcfions, fhe exfensor digiforum can be used 
fo exfend fhe IP joinfs for grasp release, provided 
fhaf fhe infrinsic bar of fhe orfhosis keeps fhe MCP 
joinfs in slighf flexion. The unopposed acfion of fhe 
exfensor digiforum would hyperexfend fhe MCP 
joinfs associafed wifh slighf flexion of fhe IP joinfs. 

The range of orfhosis flexibilify is illusfrafed by 
fhe following: a pafienf wifh a weakness of fhe ex¬ 
fensor digiforum, wifh sfrong flexors digiforum 


Intrinsic 

bar 



Fig. 11-8. Long opponens splint with intrinsic bar. Re¬ 
printed with permission from Anderson MH: Upper Extrem¬ 
ity Orthotics. Springfield, Ill: Charles C Thomas; 1965. 
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profundus and superficialis and available intrinsic 
musculature (such as palmar and dorsal interossei 
and lumbricals) has difficulty releasing the grasp. 
The patient may try to use the intrinsic muscles to 
extend the IP joints, at the same time, however, en¬ 
acting unopposed maximal flexion of the MCP 
joints. If a wrist support orthosis is combined with 
a palmar piece that extends just beyond the MCP 
joints and limits flexion of these joints, the opening 
of grasp can be accomplished by the intrinsic 
muscles. These extend the IP joints, and the limita¬ 
tions of the MCP joint still allows a degree of func¬ 
tional grasp. 

Opponens orthosis with holders for commonly 
used utensils. Multiple lesions may lead to condi¬ 
tions where this type of orthosis is needed. They 
may include upper motor neuron lesions, such as 
with SCI, or the combination of several peripheral 
nerve lesions. In these situations, adequate force of 
grasp and prehension are not available for effec¬ 
tively using these types of utensils (Figure 11-9). At¬ 
tachments to an orthosis can hold such items as 
pencils, spoons, toothbrushes, and so forth. 

Flexor Hinge Orthoses 

Flexor hinge orthoses are primarily used in quad- 
riplegia resulting from SCI. 

Wrist extensor driven flexor hinge orthosis. Wrist 
extensor-driven flexor hinge orthoses^ are shown 
in Figures 11-10 through 11-13. This orthosis stabi¬ 
lizes the thumb rigidly in opposition to the index 
and third finger. It stabilizes and immobilizes the 
IP joints of the second and third fingers in a semi- 
flexed position for grasp and allows movement only 
in the MCP joints. As the fingers are flexed at these 
joints, the 3-jawed chuck pinch is produced, and, 
as they are extended, the grasp is released. The 
motor for this movement comes from the radial 
wrist extensors. The proximal part of the orthosis 



Fig. 11-9. Spoon fitted with a spring clip holder. 



Fig. 11-10. Metal flexor hinge splint with adjustable 
ratchet controlling wrist angle at closing and opening: 
with fingers open; arrow indicates button to adjust 
ratchet. 



Fig. 11-11. Metal flexor hinge splint with adjustable 
ratchet controlling wrist angle at closing and opening: 
with fingers closed. 



Fig. 11-12. Wrist-driven plastic flexor hinge splint with 
adjustable linkage across wrist to control extension and 
flexion angles at closing and opening (Engen); with fin¬ 
gers open, arrow indicates button to adjust the length of 
the linkage. 
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Fig. 11-13. Wrist-driven plastic flexor hinge splint with 
adjustable linkage across wrist to control angle at clos¬ 
ing and opening (Engen): with fingers closed. 


is connected with a hinge across the wrist, with the 
part of the orthosis extending over the forearm, as 
in fhe long opponens splinf. The fransfer of power 
from fhe wrisf exfensors occurs by mefal rod linkage 
across fhe wrisf, which produces grasp on exfension 
of fhe wrisf and release on flexion of fhe wrisf (see 
Figures 11-10 fhrough 11-13) This splint is especially 
useful for SCI pafienfs who have some function af C5- 
C6, fhaf is, fhe innervafion of fhe radial wrisf exfen¬ 
sors, while fhe ulnar wrisf exfensors and the wrist flex¬ 
ors innervafed by lower spinal segmenfs are para¬ 
lyzed. Therefore, grasp-release fhrough wrisf flexion 
is offen provided by gravify or, on occasion, by rub¬ 
ber band pull fhaf would oppose, in turn, the grasp 
movement produced by wrist extension. Because the 
radial wrist extensors receive the innervation from 
a higher level of spinal cord innervafion, fhey are 
offen sfronger fhan fhe ulnar wrisf exfensors. Thus, 
a sfrong tendency exists to drive the wrist into ra¬ 
dial deviation as it is extended. To prevent binding 
of fhe joinf af fhe wrisf, a flexible porfion is incor- 
porafed info fhe orfhosis af fhe wrisf to allow this 
radial deviation to occur. Use of all flexor hinge- 
fype orfhoses necessifafes some profecfive sensa¬ 
tion befween fhe fhumb and index finger. 


Shoulder harness driven flexor hinge orthosis. 
This orfhosis is used in fhe presence of complefe 
paralysis of fhe hand. Necessary physiologic con- 
difions are some profecfive sensafion in fhe finger¬ 
tips and fhe volunfary abilify fo reach so fhaf fhe 
hand can be posifioned for grasp. Shoulder mofion 
pulls fhe cable ouf of fhe housing and transfers fhe 
power from fhe shoulder musculafure fo fhe orfho¬ 
sis fo release fhe grasp. Closure of fhe grasp is pro¬ 
duced by rubber band or flexor spring pull (Figure 
11-14). Since fhe rubber band would pull fhe fingers 
fogefher all fhe fime and, fherefore, produce an is¬ 
chemic necrosis of fhe fips, a mechanical release is 
provided which can sfop the finger flexion wifh fhe 
fingertips aparf. A quick pull release by fhe harness 
would overcome fhe sfop and close fhe fingers. 

External power driven flexor hinge orthoses.^The 
fwo sources of exfernal power commonly used in 
flexor hinge orfhoses are elecfrical mofor drive or 
compressed carbon dioxide wifh artificial muscle 
(McKibben) as fhe mofor. The elecfrical drive can 
be confrolled by a switch, which the patient may 
activate by any muscle available. It can also be ac¬ 
tivated by an available, although weak, electromyo¬ 
graphic signal of a volunfarily confrolled muscle. 
By way of a microprocessor, fhis signal can propor¬ 
tionally confrol fhe mofor drive. 

The compressed CO 2 is provided in a mefal cyl¬ 
inder. The gas is used fo inflafe an arfificial muscle 
(McKibben), which consisfs of an inner rubber fube 
and an oufer helically woven sfocking. As fhe rubber 
fube is inflafed and expands, fhe sleeve shorfens in a 
similar fashion as a muscle. Inflation of fhe muscle 
produces a 3-jawed chuck grasp. The grasp release 
affer deflafion can be produced by gravify, spring, or 
rubber band pull. Inflafion and deflafion of fhe muscle 
are confrolled by microvalves, which can be manipu- 
lafed by any minimal volunfary power available 
any place. Like fhe ofher models of flexor hinge 
splinfs, fhe basic mechanical design remains fhe 
same, and fhis power driven orfhosis should be 
used only in fhe presence of some profecfive sensa- 


Fig. 11-14. Shoulder-driven flexor hinge 
splint. 1 = "butterfly" or shoulder-to- 
shoulder double loop harness; 2 = Bow¬ 
den cable; 3 = flexor spring; 4 = leather 
retainer; 5 = stainless steel hanger; 6 = 
pressure relief control; 7 = finger piece 
operating lever; 8 = crossbar and anchor 
for cable housing; 9 = cable. Reprinted 
with permission from Anderson MH. 
Upper Extremity Orthotics. Springfield, 
ni: Charles C Thomas; 1965. 
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Fig. 11-15. Ratchet splint with push button for closing 
and pressure button for release; with fingers open. 

tion of the fingers and with a functional ability to 
reach. The power sources, electric batteries and gas 
cylinders, are usually attached to the wheelchair. 

Passive prehension orthosis (flexor hinge splint, 
with ratchet control). This splint (Figures 11-15 and 
11-16) allows a passive closing of the fingers by 
pushing a lever with a ratchet. Any force of pre¬ 
hension can be maintained, due to the ratchet stop. 
A button is pushed to open the ratchet lock, and 
grasp is released as a result of a spring pull. The 
force to push the ratchet lever to close the fingers 
has to be provided by the other extremity or by 
pushing against the lapboard or the wheelchair. 
This orthosis is commonly used for high level SCI 
patients who have no wrist extension and therefore 
cannot use the wrist-driven flexor hinge splint. 
Controlled prehension and release has also been 
achieved using functional electrical stimulation 
(FES),® although its use is uncommon. 

Orthoses for Reduction of Contractures 

Contractures can develop in cases of long-stand¬ 
ing paralysis with partial immobilization of the joints 
of the hand and wrist, or as a result of prolonged cast¬ 
ing. Contractures can limit either flexion or extension, 
depending on the position at which the joint has 


Fig. 11-16. Ratchet splint with push button for closing 
and pressure button for release; with fingers closed. 


Fig 11-17. Adjustable MCP flextion control, "knuckle 
bender." Reprinted with permission from Anderson MH. 
Upper Extremity Orthotics. Springfield, Ill: Charles C 
Thomas; 1965. 

been immobilized.^® In addition to physical therapy, 
a so-called "knuckle-bender" orthosis can be used 
to apply a long-term stretch to reduce the contrac¬ 
ture (Figure 11-17).^^ There are many models con¬ 
structed of metal, plastic, or springs, which include 
the knuckle-benders, or Bunnell splints, and allow 
endless varieties of positions for the fingers and 
wrist. These orthoses were frequently used for the 
Persian Gulf War casualties, and incorporated the 
wrist-hand orthotic base and outriggers with rub¬ 
ber bands for prolonged static stretch. 

Interphalangeal Joint Stabilizers 

If there is any instability of an abnormal IP joint, an 
IP stabilizer can be used to make the hand more 
functional by preventing movement at an IP joint 
(Figure 11-18). 

Wrist Orthoses 

Volar Wrist Flexion Control Orthosis 

The volar wrist flexion control orthosis (cockup 
splint) is usually made out of plastic (Figure 11- 



Fig. 11-18. IP joint stabilizer. Reprinted with permission 
from Anderson MH. Upper Extremity Orthotics. Spring- 
field, Ill: Charles C Thomas; 1965. 
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Fig. 11-19. Volar wrist flexion control orthosis, acrylic 
polyvinyl chloride.Photograph: Courtesy of DeRoyal 
LMB, San Luis Obispo, Calif. 



Fig. 11-20. Action wrist with dorsiflexion assist. Reprinted 
with permission from Anderson MH. Upper Extremity 
Orthotics. Springfield, Ill: Charles C Thomas; 1965. 


19 ) 12,13 11 consists of a rigid volar formed secfion, 
which continues into the palm. Straps over the dor¬ 
sum of fhe forearm hold fhe orfhosis in place. If sup- 
porfs fhe wrisf in approximafely 30° of dorsiflex¬ 
ion. In fhe presence of weak wrisf dorsiflexion, fhe 
unopposed finger flexors pull fhe wrist into maxi¬ 
mal flexion, and fhereby allow maximal shorten¬ 
ing of fhe flexor muscles. In fhis shorfened posi- 
fion on fhe lengfh-fension diagram, fhe sfrengfh of 
grasp is significanfly reduced. This orfhosis allows 
full grasp sfrengfh by limifing finger flexor excur¬ 
sion fhrough immobilization of fhe wrisf, and is 
used in cases of weakness of fhe wrisf exfensors. 

Wrist Extension Assist (Action Wrist Extension 
with Dorsiflexion Assist) 

A wrisf exfension assisf orfhosis consisfs of a fore¬ 
arm porfion applied to the dorsum of fhe forearm 
wifh a hinge at the wrist. The portion of fhe orfho¬ 
sis over fhe hand disfal fo fhe hinge is similar in 
consfrucfion fo fhe basic opponens orfhosis, buf 
wifhouf affachmenfs. The spring or rubber band 
passing across fhe wrisf dorsally assisfs fhe wrisf 
exfensor muscles. The force provided by fhe rub¬ 
ber band or spring exfension combined wifh fhe re¬ 
maining wrist extensor musculature strength must 
stabilize the wrist against the considerable forces 
of fhe finger flexors pulling fhe wrisf into flexion, a 
condifion which is rare. A profofype example is fhe 
long opponens splint with a hinge at the wrist and 
rubber band or spring extension assist (Figure 11- 

20) . This orthosis can also be used for radial nerve 
injuries when if is combined wifh MCP exfension 
assisfs. 

Devices to Provide Reach 

In many conditions, such as those caused by high 


level cervical spinal cord lesions, the patient may 
not have enough voluntary muscle control to place 
the hand in a position of grasp or fo fransfer ob- 
jecfs, once grasped, from one locafion fo anofher. 
Af fhe same fime, many of fhese pafienfs are nof 
ambulafory and are confined fo a wheelchair. There¬ 
fore, fhe mosf common devices used for supporf of 
fhe arm, allowing some limifed reach, are ball bear¬ 
ing mobile arm supporfs^^ and overhead slings, all 
of which are aftached to a wheelchair. 

Ball Bearing Mobile Arm Support 

The support bracket for fhe ball bearing mobile 
arm supporf^® (Figures 11-21 fhrough 11-24) is af- 
fached fo fhe sfeel fubing on fhe back of fhe wheel¬ 
chair. The incline of fhe ball bearing in fhe sagitfal 
plane can be adjusfed; a swivel arm is inserfed info 
fhis bearing. Anofher bearing is fixed af fhe distal 
end of fhis arm, info which fhe disfal swivel arm is 
affached. Bofh ball bearings may have stops fo pre- 
venf undesirable and unconfrollable motions. A 
trough that supports the forearm is affached fo fhe 
disfal swivel arm, and a dial affached fo fhis frough 
keeps fhe forearm from slipping out of fhe frough 
support. The trough, in turn, is allowed to swivel 
up and down around a bearing located close to the 
center of mass of fhe forearm (Figure 11-25). By this 
design, which replaces active elbow flexion and 
exfension, only minimal force is required fo alfer 
the balance of fhe frough and cause fhe hand fo 
move down or up. 

In addifion, a mechanical guide can be insfalled 
so fhaf fhe trough moves the hand down and, thus, 
into pronation for easy grasp. As fhe frough swiv¬ 
els fhe hand up, fhe hand is guided info supinafion 
for the feeding mofion (Figure 11-26). As fhe frough 
moves fhe hand down, fhe guide moves fhe hand 
in pronafion for easy grasp. 
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Fig. 11-21. Ball bearing mobile arm support, side view. 
Reprinted with permission from Wilson DJ, McKenzie 
MW, Barber LM. Spinal Cord Injury: A Treatment Guide for 
Occupational Therapists. Thorofare, NJ: Charles B. Slack; 
1974. 



Fig. 11-24. Patient using ball bearing mobile arm sup¬ 
ports and hand orthoses to stack coins. 



Fig. 11-22. Ball bearing mobile arm support, top view. 
Reprinted with permissin from Wilson DJ, McKenzie 
MW, Barber LM. Spinal Cord Injury: A Treatment Guide for 
Occupational Therapists. Thorofare, NJ: Charles B. Slack; 
1974. 



Fig. 11-25. Ball bearing mobile arm support, outside 
rocker arm assembly. 



Fig. 11-23. Patient using ball bearing mobile arm sup¬ 
ports and hand orthoses to write. 



Fig. 11-26. Ball bearing mobile arm support, supinator 
assist. 
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If the ball bearing at the back of the wheelchair 
is adjusted so that the distal portion of the attached 
swivel arm points down and in a plane away from 
the body, gravity will extend the elbow and arm, 
moving the hand away from the body. If the rear 
ball bearing is adjusted so that the distal portion of 
the swivel arm is up, gravity will flex the elbow, and 
bring the hand close to the body. Therefore, the ball 
bearing support moves on the principle of an inclined 
plane. If the patient has musculature to pull the arm 
to the body, the plane inclines away from the trunk 
and helps to extend the reach. If the patient has no 
musculature to bring the hand close to the body or 
the mouth but has extensor musculature to push 
the hand and arm away from the body, the plane is 
adjusted to incline toward the body. In either case, 
if the adjustment is fine-tuned, only minimal forces 
are used to produce the desired movement. This 
type of substitution for a poor voluntary reach func¬ 
tion is typically used in combination with some of 
the hand orthoses previously described. 

The adjustment of this ball bearing mobile arm 
support, as well as the support trough for the arm, 
is critical for maximal utilization of the minimal 
voluntary force the patient will have available. 
Those who can benefit from this orthosis include 
patients with weak C-5 innervated muscles, brachial 
plexopathy, and SCI. All of these conditions oc¬ 
curred among Persian Gulf casualties.^® 

Forearm Orthosis with Friction Joints (Friction 
Feeder) 

The same basic design, as in the ball bearing 
mobile arm support, can be used for a different 
purpose. The important design modification is that 
the ball bearing joints are replaced by joints with 
adjustable friction. The forearm orthosis with fric¬ 
tion joints is able to control involuntary movements 
that often occur in various types of brain injuries. 
For instance, in conditions caused by cerebellar or 
cerebellar-pathway lesions, the orthosis is able to 
dampen ataxia and dysmetria, which enables the 
patient to get better controlled motion (Figure 11- 
27). In the same way, involuntary tremors, which 
often occur as a result of lesions of the basal gan¬ 
glia, can be controlled. 

Suspension Sling Arm Support 

The suspension sling arm support uses essen¬ 
tially the same trough design as is used in the ball 
bearing mobile arm support, and allows swiveling 
of the hand down or up. The arm can also be sup- 



Fig. 11-27. Friction feeder, side view. 

ported (Figure 11-28) by a sling at the elbow and 
one at the wrist. The slings are suspended by a hori¬ 
zontal bar, which allows balance in favor of hand 
elevation or downward movement. This swivel bar 
is attached to the overhead support. In case of avail¬ 
ability of muscles that depress the shoulder, it is 
sometimes useful to insert a spring between the 
overhead support and the swivel bar. The overhead 
support is attached by a metal bracket to the wheel¬ 
chair. The patient with the least amount of volun¬ 
tary force uses the trough suspension, while one 
with the most voluntary movement may use the 
sling suspension with the spring inserted to utilize 
the availability of shoulder depressors. With the 
straight, nonextendable suspension from above, 
these slings work on the principle of a pendulum. 
The upper extremity is supported overhead against 
gravitational forces (see Figure 11-28). Reaching 
movements can be accomplished by pushing the 
arm and hand forward or pulling them back. The 
arm follows the movement of a pendulum. There- 


A 





Fig. 11-28. Sling suspensions. A: double sling; B: single 
sling; C: sling with rocker arm; D; sling with rocker 
trough. Reprinted with permission from Long C, Schutt 
AH. Upper limb orthotics. In: Redford JB, ed. Orthotics 
Etcetera. 3rd ed. Baltimore, Md: Williams & Wilkins; 1986. 
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Fig. 11-29. Harris hemisling. Reprinted with permission 
from Brooke MM, de Lateur BJ, Diana-Rigby GC, Questad 
KA. Shoulder subluxation in hemiplegia: Effects of three 
different supports. Arch Phys Med Rehabil. 1991;72:582-586. 


fore, some minimal lift and minimal force is re¬ 
quired to push the arm forward or backward in re¬ 
lation to the rest position. To get adequate reach, 
these devices require significantly more voluntary 
muscle control than the ball bearing mobile arm 
support. In cases of brachial plexopathy, as well as 
SCI, it has been found that the suspension sling arm 
support increases shoulder range-of-motion, exer¬ 
cises the shoulder, and also provides a degree of 
early ADL independence. 

Static Orthosis in Support of Shoulder and Elbow 

Appliances commonly used on surgical services 
such as shoulder abduction orthoses, airplane 
splints, plaster casts, and other immobilization de¬ 
vices will not be discussed in this section. 

Different types of shoulder sling supports are 
used in conditions which result from lack of volun¬ 
tary control or reduction of muscle strength or tone 
of the deltoid or other glenohumeral joint muscu¬ 
lature.For instance, in central nervous system 
lesions that lead to hemiplegia, subluxation of the 
humeral head out of the glenoid of the scapula may 
occur from lack of shoulder support against grav¬ 
ity; thus, subluxation may be associated with pain 
and other complications. In a recent evaluation^^ of 
sling supports of various designs, the Harris hemi¬ 
sling (Figure 11-29) was found by radiograph mea¬ 
surements to give the best vertical correction, 
whereas the Bobath sling was not as effective and 
distracted the humeral joint horizontally. Sling de¬ 
signs similar to the Harris hemisling, such as the 
multiple and single strap designs (Figure 11-30), 
may be used in support of the forearm in the ab¬ 
sence of elbow flexors. Other slings, such as the 
vertical arm sling, may support the arm, but allow 


elbow extension. Similar systems have been re¬ 
viewed by Wynn Parry. 

Williams and colleagues^^ compared hemiparetic 
patients with shoulder subluxation treated with a 
Bobath shoulder roll to patients with the same con¬ 
dition treated with the Anderson shoulder ring. 
There was no difference between the two methods 
of management. However, greater subluxation oc¬ 
curred without any treatment.Orthotic shoulder 
stabilizers for trapezius and serratus anterior weak¬ 
ness, stabilizing the shoulder, have been recom¬ 
mended by Villanueva^® and by Truong and 
Rippel.“ 

Functional Orthoses for Shoulder and Elbow 

Functional bracing of the shoulder and elbow is 
limited, since isolated functional weaknesses are 
rare, and only a few conditions lend themselves to 
bracing these two joints in an ambulatory patient. 
Also, various surgical approaches can be used, such 
as fusion of the glenohumeral joint or muscle and 
tendon transfers. Patients with high level SCIs and 
more widespread functional loss are often not am¬ 
bulatory; therefore, the sling suspension or ball 
bearing mobile arm support must be used. Brachial 
plexus lesions often result in both motor and sen¬ 
sory losses and, therefore, bracing might not be 
the correct solution in the absence of protective sen¬ 
sation. 

Basic Support of Shoulder and Elbow Orthoses 

Development of an adequate support for the at¬ 
tachment of shoulder and elbow orthoses poses 
basically the same problem as in the hand: the need 
of firm attachment to allow proper function.^^'^® The 
shoulder and shoulder girdle are highly mobile and 



Fig. 11-30. Single strap design for shoulder support. Pho¬ 
tograph: Courtesy of DeRoyal LMB, San Luis Obispo, 
Calif. 
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U-Bar 



Fig. 11-31. Plastic shoulder cap design with rubber band 
shoulder flexion assist. Reprinted with permission from 
Anderson MH. Upper Extremity Orthotics. Springfield, Ill: 
Charles C Thomas; 1965. 

do not readily allow direct application of orthoses^®; 
therefore, a basic supporf sfrucfure has fo be designed. 

The basic supporf sfrucfure for fhe shoulder and 
elbow orfhoses can be made of plasfic in fhe form 
of a shoulder cap design fhaf encloses half of fhe 
fhorax below fhe axilla and covers fhe shoulder, and 
fhereby allows freedom of shoulder mofion. The cap 
is held in place by a chesf sfrap or sfraps, and a U- 
shaped bar is affached to the cap of fhe plasfic orfho- 
sis (Figure 11-31). Ofher modifying orfhoses are ul- 
fimafely affached fo fhis U-bar. An alternafive for 
fhis basic supporf sfrucfure is a pelvic band fhaf en¬ 
circles fhe frunk befween fhe iliac cresf and fhe 
greafer frochanter. This band is rigid on fhe side of 
fhe orfhosis and confains a soff closure on fhe op- 
posife side. To fhis pelvic band, fhree rigid sfruc- 
fures may be affached and held against the chest 
by a chest strap. These are the straight, the axillary, 
and the shoulder bypass suspension hoops (Figures 
11-32,11-33, and 11-34, respectively). 



Fig. 11-32. Straight shoulder suspension hoop. 



Fig. 11-33. Axillary shoulder suspension hoop. 



Fig. 11-34. By-pass shoulder suspension hoop. 



Fig. 11-35. Straight shoulder suspension hoop with fore¬ 
arm cuff elbow flexion assist. 
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Fig. 11-36. Shoulder flexion assist with forearm cuff and 
elbow flexion assist. 


Orthoses are attached to these suspension hoops, 
as in the plastic design with the U-bar. As an ex¬ 
ample, Figure 11-35 shows a straight shoulder sus¬ 
pension hoop with an elbow flexion assist, that con¬ 
sists of a forearm cuff and rubber bands fo support 
it. Figure 11-31 shows an orthosis with shoulder 
flexion assisf fhat includes fhe rubber band. If is af- 
fached fo fhe U-bar of fhe plasfic base. Figure 11-36 
shows an orfhosis fhaf is a combination of a fore¬ 
arm cuff elbow flexion assisf and a shoulder flex¬ 
ion assisf. As a basic supporf strucfure, fhe shoul¬ 
der bypass suspension hoop was used. A final ex¬ 
ample of fhe approach to bracing the shoulder is 
shown in Figure 11-37. A shoulder bypass hoop is 

LOWER EXTREMITY ORTHOSES EOR 
Ankle-Eoot Orthoses 

AFOs are the most commonly used braces for 
lower exfremifies. They are used in pafienfs wifh 
TBI, SCI, and peripheral nerve injury. The AFOs 
subsfifufe for loss of physiologic funcfion, and ad- 
difional walking aids are rarely needed unless fhere 
are ofher associafed problems wifh a lesion fhaf go 
beyond fhe paralysis or paresis of fhe leg and in¬ 
volve more widespread lower exfremify groups, 
generalized spasficify, balance problems, or signifi- 
canf sensory feedback loss. 

Components 

AFOs can be made of mefal or plasfic. The mefal 
orfhoses discussed in fhis secfion are consfrucfed 
of uprighfs of sfeel or aluminum fhaf are connecfed 
on fop and posferiorly by a rigid mefal padded calf 


Sprint steel wire 



Fig. 11-37. Straight shoulder suspension hoop with 
abduction outrigger. 


used for fhe aftachment of an oufrigger fo assisf 
shoulder abducfion fhrough a rubber band sup- 
porfed forearm cuff. Any movemenf against the rub¬ 
ber band support requires enough voluntary force 
fo overcome fhe rubber band fension. 

These examples show how componenfs of avail¬ 
able orfhoses should be puf fogefher fo fif fhe indi¬ 
vidual pafienf. Offen, imaginafion is necessary fo 
modify and even invenf new designs fo meet a par¬ 
ticular patient need. 

NEUROMUSCULAR CONDITIONS 

band with a soft front closure (Figure 11-38). They 
are attached below by an ankle joint to a stirrup 
incorporated into the sole of fhe shoe. The sfirrup 
is offen combined wifh a rigid mefal sole plafe 
which is rivefed fo fhe sfirrup and exfends fo fhe 
mefafarsal head area (Figure 11-39). Commonly, 
slops are affached fo fhe ankle join! (Figure 11-40). 
There may be a posferior (planfar flexion) slop fo 
subsfifufe for fhe fool dorsiflexors and supporf fhe 
foe during fhe swing phase. These slops can be 
made rigid by fhe inserfion of a mefal rod info fhe 
posferior channel of fhe ankle join!, which engages 
fhe flange of fhe sfirrup af an angle adjusfable wifh 
a sef screw. A more subsfanfial assisf for weak dor¬ 
siflexors would be a spring wire dorsiflexion assisf 
orfhosis, where a spring can be used insfead of fhe 
rigid mefal rod (see Figure 11-40). 

The anferior slop (dorsiflexion slop) uses an ad¬ 
jusfable pinsfop, where fhe pin engages an anferior 
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Fig. 11-38. Metal orthosis constructed out of bar stock 
metal uprights of steel or aluminum with Klenzak-type 
joint and posterior plantarflexion stop. 



Fig. 11-39. Radiograph of a foot in an ankle-foot orthosis. 





A* > 


Fig. 11-40. Double-stopped ankle joint. The top stop lim¬ 
its dorsiflexion and the bottom stop limits plantar flex¬ 
ion. Reprinted with permission from Lehmann JF. Lower 
limb orthotics. In: Redford JB, ed. Orthotics Etcetera. 3rd 
ed. Baltimore, Md: Williams & Wilkins; 1986. 


flange in the stirrup at a set angle. This stop should 
be used only in combination with the sole plate to 
the metatarsal head area; a spring assist will be too 
weak. This stop substitutes for the foot plantar flex¬ 
ors acting during pushoff. Figure 11-40 shows a 
Becker type ankle joint. The same stops are also 
commonly used in a Klenzak type joint (see Figure 
11-38). Plantar flexion and dorsiflexion stops can 
be used together in the so-called double-stopped 
joint (see Figure 11-40).^° 

Indications 

Most conditions requiring AFOs are due to weak¬ 
ness caused by upper and lower motor neuron le¬ 
sions. The brace will accommodate spasticity and 
muscle imbalance. Many of these patients are able 
to walk without the orthosis; however, they are in 
danger of falling either because they trip as a result 
of the toe drag, or because mediolateral instability 
causes them to turn an ankle and fall.^^ Reasons for 
applying orthoses are to (a) provide mediolateral 
stability, and substitute for the lack of pushoff; (b) 
minimize knee instability during the early stance 
and increase stability during the late stance; (c) pro¬ 
vide toe pickup during the swing phase; (d) approxi¬ 
mate a normal gait pattern and, thus, reduce en¬ 
ergy expenditure; and (e) prevent the development 
of deformities by improper weight bearing on weak¬ 
ened muscles. 

Biomechanical Function 

The biomechanical function of AFOs will largely 
depend on their design, irrespective of whether they 
are plastic or metal. Therefore, the basic biome¬ 
chanical functions will be discussed with the stan¬ 
dard double upright metal orthosis with stops at 
the ankle as a prototypical model. 

Mediolateral stability. The orthosis in Figure 11- 
38 usually provides adequate mediolateral stabil¬ 
ity unless there is a strong tendency at the ankle to 
invert or evert. To prevent inversion (varus) of the 
foot, a T-strap may be attached to the sole of the 
shoe at the level of the instep, passing inside the 
lateral upright of the AFO and over the lateral mal¬ 
leolus, and cinched outside around the medial up¬ 
right (Figure 11-41). As a result, the protruded lat¬ 
eral portion of the ankle is forced in line with the 
shoe and foot below and the calf band above, correct¬ 
ing the inversion. This type of correction is often 
needed in hemiparesis produced by stroke or TBI. 

In eversion deformity (valgus) of the foot, the T- 
strap is applied to the shoe directly below the me- 
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Fig. 11-41. Metal orthosis constructed out of bar stock 
metal uprights of steel or aluminum with Klenzak-type 
joint and medial T strap with posterior plantar flexion 
stop. Reprinted with permission from Lehmann JF. Lower 
limb orthotics. In: Redford JB, ed. Orthotics Etcetera. 3rd 
ed. Baltimore, Md: Williams & Wilkins; 1986. 

dial malleolus and runs over the medial malleolus. 
It is cinched outside the AFO lateral upright to align 
the ankle with the shoe and foot below. 

Posterior stops. The posterior stop substitutes for 
fhe weak ankle dorsiflexors during fhe swing phase 
fo provide foe clearance. If fhere is an imbalance 
befween fhe planfar flexors and fhe dorsiflexors, as 
wifh many condifions resulfing from upper motor 
neuron lesions, a rigid pinsfop may be needed fo 
provide fhe force fo pick up fhe foe againsf a sfrong 
spasfic calf. If fhere is a flaccid paralysis, as hap¬ 
pens wifh peripheral nerve injuries, a spring slop 
or spring wire brace may be adequafe. Any of fhese 
posferior planfar flexion slops or springs supporf- 
ing fhe foe during swing will produce more resis- 
fance fo planfar flexion fhan fhe normal lengfhen- 
ing confracfion of fhe dorsiflexors when fhe fool 
moves from heelsfrike fo fhe foofflaf posifion. 
Therefore, fhey all produce an increased bending 
momenf af fhe knee during fhe heelsfrike and early 
sfance fhaf fhe pafienf has fo overcome by volun- 
fary knee exfensor musculafure. The bending mo¬ 
menf is caused when fhe acfion line of fhe ground 
reacfion force (Figure 11-42) falls behind fhe knee 
and fhus creafes fhe bending momenf. The ground 
reacfive force line sfarfs from fhe cenfer of pressure, 
fhaf is, fhe heel confacf againsf fhe ground, while 
fhe pafienf rocks over fhe posferior exfremify of fhe 
heel during fhe heelsfrike phase. The amounf and 


durafion of bending momenf af fhe knee depends 
on fhe amounf of force in resisfance fo planfar flex¬ 
ion. Therefore, fhe greafesf bending momenf is cre¬ 
ated by fhe pinsfop, rafher fhan by spring assisfs.^^'^^ 
The durafion and magnifude of fhe bending 
momenf will also depend on fhe angle af which fhe 
pinsfop engages fhe flange of fhe sfirrup and sfops 
planfar flexion. The more fhe foof is sfopped in 
dorsiflexion, fhe greafer fhe bending momenf and 
ifs durafion. Therefore, whenever a spring assisf is 
adequafe, a pinsfop should nof be used because fhe 
bending momenf af fhe knee would be increased 
and would require more exfensor muscle force fo 
keep fhe knee from buckling. However, in special 
cases, where fhe gasfrocnemius-soleus drives fhe 
foof info forceful planfar flexion, fhe pinsfop musf 
be used even fhough fhe volunfary knee exfensor 
force may be marginal. In fhese cases, fhe adjusf- 
menf of fhe sfop will be changed fo allow fhe foof 
fo be sfopped in more planfar flexion. This will re¬ 
duce fhe bending momenf af fhe knee and ifs dura¬ 
fion during heelsfrike. However, if fhe posferior 
sfop is adjusfed fo allow enough planfar flexion so 
fhaf fhe bending momenf af fhe knee is reduced fo 
keep fhe knee sfable, if is possible fhaf fhis angle 
will nof allow adequafe foe clearance during fhe 
swing phase; fherefore, anofher mefhod musf be 
used. The posferior pinsfop will be adjusfed fo sfop 
fhe ankle in more dorsiflexion, allowing adequafe 
foe clearance. In fhis case, fhe orfhosis can be modi- 



Fig. 11-42. Reduction of knee bending moment during 
heelstrike phase by heel cutoff. Reprinted with permis¬ 
sion from Lehmann JF. The biomechanics of ankle foot 
orthoses: Prescription and design. Arch Phys Med Rehabil. 
1979;60:200-207. 
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fied either by cutting off fhe posferior aspecf of fhe 
heel af 45° (see Figure 11-42) or by inserfing a cush¬ 
ion wedge info fhe heel. In bofh cases fhe locafion 
of fhe ground reacfive force is moved forward. 
Thus, fhe exfension of fhe force line comes closer fo 
fhe knee, fhe momenf arm gefs smaller, and fhe 
bending momenf is reduced so fhaf fhe pafienf, in 
spife of marginal exfensor musculafure, can com- 
plefe fhe heel sfrike phase wifhouf buckling and can 
adequafely clear fhe foe during fhe swing phase of 

gait- 

Anterior stops. The anterior (dorsiflexion) stop 
should use only a pin; no spring assist will be strong 
enough to assist with pushoff.^" The dorsiflexion 
stop is used in combination with the sole plate riv¬ 
eted to the stirrup and extending rigidly to the 
metatarsal head area (Figure 11-43). As the center 
of gravity of the body moves forward, the ground 
reactive force line falls in front of the ankle. Dorsi¬ 
flexion at the ankle is stopped; therefore, the foot 
pivots over the metatarsal head area, that is, the end 
of the sole plate, and raises the heel (Figure 11-44). 
This simulates pushoff by advancing the center of 
gravity of the body and pelvis upward and forward. 
As a result, the ground reactive force line is in front 
of the knee joint with the moment arm also in front 
(Figure 11-45). Therefore, a stabilizing extension 
moment is created in the latter part of the stance. 
This moment is of greater magnitude and longer 
duration if the dorsiflexion stop is adjusted in more 
plantar flexion. At the same time, the toe clearance 
is less.^''“ Therefore, there is a trade-off between 
knee stability and toe clearance. 

The extent to which these orthoses can restore 
the normal gait pattern and pushoff is shown in the 
example using the dorsiflexion stop with sole plate 
to restore pushoff in case of tibial nerve paralysis.^® 
The normal timing of gait events is shown in Fig¬ 
ure 11-46. The changes after a temporary tibial nerve 
block paralyzing the plantar flexors show that the 
heel comes off too late, lengthens the midstance, and 
shortens the pushoff phase. Restoration of normal 
timing of heeloff can be produced by an AFO with 
the anterior dorsiflexion stop adjusted to 5° of plan¬ 
tar flexion. The restoration is less complete with the 
orthosis adjusted to 5° of dorsiflexion. Figure 11-47 
shows the normal progression of the center of pres¬ 
sure in relation to the ankle (black triangle curve). 
The center of pressure moves from behind the ankle, 
through the ankle, and then rapidly forward, in 
front of the ankle. This rapid forward movement is 
due to the gastrocnemius-soleus action resisting 
further dorsiflexion as the center of gravity of the 
body moves forward. Figure 11-47 shows that, in 



Fig. 11-43. Exploded view of stirrup, sole plate and shoe 
construction. Reprinted with permission from Lehmann 
JF, de Lateur BJ, Warren CG, Simons BC, Guy AW. Bio¬ 
mechanical evaluation of braces for paraplegics. Arch 
Phys Med Rehabil. 1969;50:179-188. 


Fig. 11-44. Heel rise of brace with posterior and anterior 
stop and rigid sole plate. Reprinted with permission from 
Lehmann JF, de Lateur BJ, Warren CG, Simons BC, Guy 
AW. Biomechanical evaluation of braces for paraplegics. 
Arch Phys Med Rehabil. 1969;50:179-188. 
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Fig. 11-45. Knee extension moment during pushoff. Re¬ 
printed with permission from Lehmann JF. The biome¬ 
chanics of ankle foot orthoses: Prescription and design. 
Arch Phys Med Rehabil. 1979;60:200-207. 


Fig. 11-46. Mean timing of gait events for six subjects. 
Reprinted with permission from Lehmann JF, Condon 
SM, de Lateur BJ, Smith JC. Ankle-foot orthoses: Effect 
on gait abnormalities in tibial nerve paralysis. Arch Phys 
Med Rehabil. 1985;66:212-218. 



0 ) 



Fig. 11-47. Vertical force moment arm with respect to the 
ankle versus time. Curves represent the mean of six tri¬ 
als of one subject. Reprinted with permission from 
Lehmann JF, Condon SM, de Lateur BJ, Smith JC. Ankle- 
foot orthoses: Effect on gait abnormalities in tibial nerve 
paralysis. Arch Phys Med Rehabil. 1985;66:212-218. 


Fig. 11-48. Mean position of right lower limb at time of 
left heelstrike. Stick figures represent the means of six 
trials of one subject. Circles represent markers placed on 
the greater trochanter, lateral epicondyle, fibular head, 
lateral, malleolus, and fifth metatarsal head. Reprinted 
with permission from Lehmann JF, Condon SM, de Lateur 
BJ, Smith JC. Ankle-foot orthoses: Effect on gait abnor¬ 
malities in tibial nerve paralysis. Arch Phys Med Rehabil. 
1985;66:212-218. 
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the absence of gastrocnemius-soleus action, the 
patient holds back the center of gravity of the body. 
This is done to prevent the center of pressure and 
the force line from moving ahead of the ankle and 
producing unstable dorsiflexion (black dot curve). 
Forward movement of the center of pressure occurs 
only after the weight bearing has started on the 
opposite extremity. The open circles in Figure 11- 
47 show significant improvement when the adjust¬ 
ment of the dorsiflexion stop is at 5° of plantar flex¬ 
ion, with less improvement when the adjustment 
of the dorsiflexion stop is at 5° of dorsiflexion (open 
squares). Because pushoff is impossible with the 
paralysis of the tibial nerve and without braces, the 
forward movement of the center of gravity and the 
hip does not occur (Figure 11-48). 

Full restoration of the forward movement occurs 
with the adjustment of the dorsiflexion stop at 5° 
of plantar flexion; partial restoration with adjust¬ 
ment at 5° of dorsiflexion. As a result of the lack of 
advancement of the pelvis and the lack of pushoff 
with tibial block,the step length on the opposite 
side is reduced as compared with normal gait. The 
mean step length (in meters) during four conditions 
for the left (unblocked) side is shown below: 

1. Normal (0.71) 

2. Tibial block (0.55) 

3. AF0 5°DF (0.66) 

4. AFO 5° PF (0.63) 

Conditions had a significant effect on step length 
(p s 0.001). Step length for the normal condition and 
for both AFO conditions was significantly greater 
than step length for the block condition. The nor¬ 
mal condition step length is greatly improved by 
the AFO's dorsiflexion stop. The influence on knee 
stability by the nerve block is shown in Figure 11- 
49. Because the center of gravity of the body and, 
therefore, the ground reactive force line is held back 
at the ankle, the knee center moves well forward 
on the force line. This creates a large moment arm 
and a large bending (flexion) moment at the knee 
during stance. The bending moment is so great it 
requires considerable knee extensor force to prevent 
the knee from buckling. This is optimally corrected 
by the adjustment of the dorsiflexion stop to 5° of 
plantar flexion and also somewhat improved by the 
adjustment to 5° of dorsiflexion (see Figure 11-49). 
While this example shows that better correction of 
the paralyzed posterior calf can be achieved by us¬ 
ing a dorsiflexion pinstop in combination with sole 
plate to the metatarsal head area, adjusted to 5° of 
plantar flexion, there is still a tradeoff with toe clear- 



Fig. 11-49. Total knee moment versus time. Curves rep¬ 
resent the mean of six trials of one subject. Reprinted with 
permission from Lehmann JF, Condon SM, de Lateur BJ, 
Smith JC. Ankle-foot orthoses: Effect on gait abnormali¬ 
ties in tibial nerve paralysis. Arch Phys Med Rehabil. 
1985;66:212-218. 

ance during the swing phase. In this case, a com¬ 
promise must be achieved. 

Design and Suitability 

To understand the biomechanical function of any 
AFO, the design must be studied to determine its 
suitability for a given patient. In addition, a manual 
test of the maximum plantar flexion and dorsiflex¬ 
ion force the orthosis can resist should be conducted 
to decide whether or not the orthosis is adequate to 
control the forces created by the individual patient. 
It is always desirable to use the correction with mini¬ 
mal force, since over-bracing usually makes it more 
difficult for the patient to walk and maintain knee 
stability. With this caveat in mind, the biomechani¬ 
cal function of two brace designs will be discussed. 

A plastic ankle-foot orthosis (PAFO)“'^^ has been 
developed using lamination techniques (Figure 11- 
50). The rigid ankle of this orthosis is equivalent to 
a double pinstop ankle joint; the rigid extension of 
the plastic to the metatarsal head area is equivalent 
to the metal sole plate. The orthosis is highly ac- 
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Fig. 11-50. Plastic laminated (Seattle) orthosis. Reprinted 
with permission from Lehmann JF. Biomechanics of 
ankle-foot orthoses: Prescription and design. Arch Phys 
Med Rehabil. 1979;60:200-207. 

ceptable cosmetically (see Figure 11-50) and can be 
hidden under the stocking. However, it is critical 
that the ankle is fixed at the correct angle because 
of fhe fradeoff befween knee sfabilify and foe clear¬ 
ance. Because fhe frim lines (Figure 11-51) are in 
fronf of fhe ankle, fhe ankle is rigidly immobilized 
fo provide maximum mediolaferal sfabilify. Shoes 
can be changed wifh fhis orfhosis as long as fhe heel 
and sole heighf remain fhe same. The bending mo- 
menf af fhe knee during early sfance can be mini¬ 
mized by puffing a cushion wedge info fhe heel or 
by a 45° cufoff of fhe heel (see Figure 11-51) 

The manufacfuring of fhis PAFO requires fhaf a 
plasfer casf be made wifh fhe correcf angle af fhe 
ankle, wifh considerafion given fo fhe heel and sole 
heighf of fhe shoe. Affer fhis casf is removed, if is 
filled wifh plasfer of Paris fo produce a posifive 
mold over which fhe plasfic orfhosis is laminafed 
and fhen frimmed. If fhere is any misfake in casf- 
ing, inversion, eversion, planfar flexion or dorsiflex- 
ion of fhe foof cannof be correcfed, and fhe enfire 
process has fo be repeafed. The use of wedges for 
correcfion of fhe ankle alignmenf fypically resulfs 
in an addifional source of error. 

This orfhofic design has been advocafed by 
Rancho Los Amigos Orfhofic Deparfmenf, buf us¬ 
ing heaf-formed plasfics wifh vacuum-molding 
fechniques. Because fhe heaf-formed plasfics are 
fhinned ouf mosf over fhe ankle area, fhe orfhosis 



Fig. 11-51. Plastic laminated orthosis with heel cushion 
wedge, showing extension to metatarsal head area. Re¬ 
printed with permission from Lehmann JF. Biomechan¬ 
ics of ankle-foot orthoses: Prescription and design. Arch 
Phys Med Rehabil. 1979;60:200-207. 


may become too soft to resist dorsiflexion and "open 
up" or "give way" at the ankle during pushoff. This 
does not provide adequate substitution for the for¬ 
ward and upward movement of the pelvis. To cor¬ 
rect this problem, a thicker sheet of plastic should 
be used, or a boomerang-shaped carbon composite 
with beveled edges added over the positive mold.^® 
This is so the hot plastic will flow over the beveled 
edges and incorporate these carbon composite 
pieces flush with the orthosis, thus providing a rigid 
equivalent to the dorsiflexion stop. 

Whereas the PAFO described above is equivalent 
to a metal brace with an anterior and posterior rigid 
pinstop and a sole plate to the metatarsal head area, 
and does not allow any ankle motion, an articulated 
PAFO has been designed with functional adjustabil¬ 
ity of these stops. This orthosis consists of a sepa¬ 
rate portion for the foot and for the shank, con¬ 
nected by a hinge joint (Figures 11-52 and 11-53).^® 
The angle at which dorsiflexion is stopped can be 
adjusted by the length of the posterior strap be¬ 
tween the upper and lower parts of the orthosis. 
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Figs. 11-52 and 11-53. (11-52, left) Plastic articulated 
ankle-foot orthosis (AFO), rear view. (11-53, right) Plas¬ 
tic articulated AFO, medial view. 52 and 53: Reprinted 
with permission from Lehmann JF, de Lateur BJ, Price R. 
Ankle-foot orthoses paresis and paralysis. Phys Med Re- 
habil Clin North Am. 1992;3:139-159. 

The plantar flexion stop equivalent is provided by 
abutting the thickened edges of the upper portion 
and the lower portion posteriorly, so that they en¬ 
gage on plantar flexion. Trimming these edges pro¬ 
duces more plantar flexion. Mediolateral stability 
is almost the same as in the other models of PAFOs. 

Evaluation ofAFOs by Biomechanical Principles 

To evaluate an AFO, the sole and heel of the foot 
should be flat on the floor in quiet standing and 
during midstance. That it is flat can be best tested 


by using a thin piece of cardboard pushed between 
the sole of the shoe and the floor from the front, the 
back, and the lateral and medial sides. If the brace 
is tilted, the cardboard will move in too far from 
one or the other side. This fault can be corrected by 
bending the uprights or adjusting the angle at the 
ankle by the pinstops. In the PAFO, recasting is nec¬ 
essary. During the early stance (heelstrike phase), 
the knee should be observed for any tendency to 
buckle. If there is instability at the knee, the plan¬ 
tar flexion pinstop may be replaced by a spring, as 
in flaccid paralysis. If the pinstop is needed, it may 
be adjusted in too much dorsiflexion to create the 
bending moment at the knee. 

During the latter part of the stance (pushoff), the 
knee should be observed for any tendency toward 
hyperextension. If that is the case, the pinstop 
should be readjusted at less plantar flexion or more 
dorsiflexion. During the swing phase, toe clearance 
should be checked for adequacy, and the stops re¬ 
adjusted if necessary. 

In any orthosis that allows some plantar flexion 
and dorsiflexion, pistoning of the orthosis on the 
leg will occur unless the axis of the anatomical ankle 
(talocrural joint) is in the same location as the axis 
of motion in the orthosis. Therefore, it is desirable 
to line up the axis of the ankle joint of the double 
upright metal orthosis to coincide with the axis of 
the anatomical ankle, identified best by connecting 
the two tips of the malleoli (Figure 11-54).“ In 
PAFOs with motion at the ankle, pistoning may be 
unavoidable except in the VAPC shoe clasp ortho¬ 
sis (Figures 11-55 and 11-56) where the pistoning of 
the posterior plastic rod is absorbed in a sleeve of 
the calf band. 

In conclusion, the plantar flexion stop should use 
the minimum force required to prevent plantar flex- 



Nufnb«f 

of 

Spodmons 
20 


7t 16 90 94 

Angto (doproot) 


Fig. 11-54. Variations in angle between 
midline of tibia and empirical axis of 
ankle. The histogram reveals a consid¬ 
erable spread of individual values. 
Reprinted with permission from from 
Inman VT, Ralston HJ, Todd F. Human 
Walking. Baltimore, Md: Williams & 
Wilkins; 1981. 
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Fig. 11-55. The VAPC shoe clasp orthosis. Reprinted with 
permission from Lehmann JF, de Lateur BJ. Lower ex¬ 
tremity orthotics. In: Kottke FJ, Lehmann JF, eds. Krusen's 
Handbook of Physical Medicine and Rehabilitation. 4th ed. 
Philadelphia, Pa: WB Saunders; 1990. 

ion, which results in toe drag. To minimize the bend¬ 
ing moment at the knee that must be overcome with 
a voluntary effort, if adequafe, a spring should be 
used. If a planfar flexion slop (posferior stop) is 
needed to provide fhe adequafe forces againsf fhe 
planfar flexion during swing, a fradeoff exisfs be- 
fween fhe amounf of foe pickup and knee insfabil- 
ify during fhe early sfance af heelsfrike. The less 
fhe stop is fixed in dorsiflexion and fhe more if is 
fixed in planfar flexion, fhe greafer fhe knee sfabil- 
ify af heelsfrike. In fhe clinical selling, posferior 
slops should be used fo provide minimum yef safe 
foe clearance during fhe swing phase and af fhe 
same lime avoid unnecessary knee insfabilify dur¬ 
ing heelsfrike. Also, fhe anferior stops (dorsiflex¬ 
ion slops) should help supporf fhe knee during fhe 
laffer parf of fhe sfance phase, especially in pafienfs 
wifh marginal knee sfabilify using fhe AFO. 

Metabolic Requirements 

Energy expendifure can be measured in ferms of 
rale of energy consumpfion (cal/min/kg body 
weigh!) or in ferms of efficiency of walking (cal/m 



Fig. 11-56. The VAPC shoe clasp orthosis showing no re¬ 
sistance to dorsiflexion. Reprinted with permission from 
Lehmann JF, de Lateur BJ. Lower extremity orthotics. In: 
Kottke FJ, Lehmann JF, eds. Krusen's Handbook of Physical 
Medicine and Rehabilitation. 4th ed. Philadelphia, Pa: WB 
Saunders; 1990. 

walked/kg body weight). Table 11-1 gives the nor¬ 
mal values.'*^ In hemiplegic ambulation, the walk¬ 
ing speed is markedly reduced. Therefore, the rate 
of energy consumption is close to the normal val¬ 
ues and there is no excessive load placed on the 
cardiovascular and respiratory systems. On the 
other hand, the efficiency in terms of calories per 
meter walked per kilogram body weight is mark¬ 
edly reduced. The values are therefore increased 
(Table 11-2). As an example, a hemiparetic patient 
was studied walking without an orthosis, with a 
plastic orthosis, and with a double metal upright 
orthosis. Both orthoses had the same biomechani¬ 
cal functions. Therefore, the rate of energy con¬ 
sumption was the same in both cases. In addition, 
functional values, like the self-selected walking 
speed and the maximum walking speed, were the 
same but improved over the performance without 
an orthosis. 

The energy consumption for any achievable 
walking speed was higher as compared with the 
normal curve, but slightly less than walking with¬ 
out orthoses. The patient had to be spotted continu¬ 
ously because of falling and twisting the ankle with¬ 
out an orthosis. With either orthosis, the patient 
could walk safely. 

Assessing Different Designs for Patients' 
Specialized Needs 

The biomechanical function of any orthotic de¬ 
sign can be easily evaluated initially by looking at 
it. As an example, the Teufel orthosis, shown in Fig¬ 
ure 11-57, is obviously a posterior plastic leaf spring 
orthosis, which provides toe clearance during 
swing, but is not likely to produce significant me- 
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TABLE 11-1 

ENERGY REQUIREMENTS IN NORMAL AMBULATION* 


Speed Energy Expenditure 


Researcher and Date 

N 

Type of Disability 

(m/min) 

(kcal/min/kg) 

(kcal • 10“^/m/kg) 

Ralston, 1958' 

19 

Normals (M&F) 

74+ 

0.058* 

0.78 

McDonald, 1961^ 

583 

Normals (F) 

80 

0.067* 

0.83 



Normals (M) 

80 

0.061* 

0.76 

Peizer, 1969^ 

? 

Normals (?) 

OO 

o 

-H- 

0.043* 

0.57 

Corcoran, 1970"' 

32 

Normals (M&F) 

83'''§ 

0.063* 

0.76 

Waters, 1976® 

25 

Normals (M&F) 

82§ 

0.063* 

0.77 


Calculated knowing kcal/ meter, m/ min, and weight. 

^Most efficient speed of ambulation. 

"'"Approximated from a graph. 

®Speed chosen by fhe subjecfs. 

M: male 
F: female 

Adapted with permission from Fisher SV, Gullickson G: Energy cost of ambulation in health and disability: A literature review. 
Arch Phys Med Rehabil. 1978;59:125. Sources: (1) Ralston FiJ. Energy-speed relation and optimal speed during level walking. Int Z 
Angew Physiol einschl Arbeitsphysiol. 1958;17:277-283. (2) McDonald I. Statistical studies of recorded energy expenditure of man. 
Parf II, Expenditure on walking related to weight, sex, age, height, speed and gradient. Nutr Abstr Rev. 1961;31:739-762. (3) Peizer 
E, Wright DW, Mason C. Human locomotion. Bull Prosthet Res. 1969;10-12:48-105. (4) Corcoran PJ, Brengelmann GL. Oxygen up¬ 
take in normal and handicapped subjects, in relation to speed of walking beside velocity-controlled cart. Arch Phys Med Rehabil. 
1970;51:78-87. (5) Waters RE, Perry J, Antonelli D, Hislop H. Energy cost of walking of amputees: Influence of level of amputation. 
/ Bone Joint Surg Am. 1976;58:42-46. 


TABLE 11-2 

HEMIPLEGIC AMBULATION* 


Researcher and Date 

N 

Type of Disability and Appliance 

Speed 

(m/min) 

Energy Expenditure 
kcal/min/kg kcal • 10“^/m/kg 

Bard, 1963' 

15 

Hemiplegics 

* 

41 

0.044''' 

1.06 

Corcoran, 1970'' 

15 

Hemiplegics - no brace 

* 

42 

0.062 

1.49* 


15 

Hemiplegics with plastic brace 

* 

49 

0.067 

1.37* 


15 

Hemiplegics with metal base 

49 

0.067 

1.37* 


Speed chosen by the subjects. 

^Calculated knowing kcal/meter and m/min. 

"*"Calculated knowing kcal/min and m/min. 

Reprinted with permission from Fisher SD, Gullickson G. Energy cost of ambulation in health and disability: A literature review. 
Arch Phys Med Rehabil. 1978;59:130. Sources: (1) Bard B. Energy expenditure of hemiplegic subjecfs during walking. Arch Phys Med 
Rehabil. 1963;44:368-370. (2) Corcoran PJ, Jebsen RH, Brengelmann GL, Simons BC. Effecfs of plastic and metal leg braces on speed 
and energy cost of hemiparefic ambulation. Arch Phys Med Rehabil. 1970;51:69-77. 
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Fig. 11-57. The Teufel orthosis (top left); showing 
mediolateral twisting (top right); showing manual de¬ 
formation into dorsiflexion (bottom left); showing 
manual deformation into plantar flexion (bottom right). 
Reprinted with permission from Lehmann JF. Biomechan¬ 
ics of ankle-foot orthoses: Prescription and design. Arch 
Phys Med Rehabil. 1979;60:200-207. 


diolateral stability because it does not enclose the 
malleoli. This can be verified by twisting the ortho¬ 
sis to simulate the inversion or eversion of fhe foof, 
which fhe orfhosis does nof resisf (see Figure 11-57, 
boffom righf). Tesfs can measure fhe amounf of force 
fhe orfhosis provides againsf a calf fhaf is driving 
fhe foof info equinus, as shown in Figure 11-57, fop 
righf. The lack of resisfance fo dorsiflexion demon- 
sfrafes if is nof a pushoff subsfifufe (see Figure 11- 
57, boffom leff). Figure 11-57 also shows fhaf fhe 
axis of mofion occurs in fhe orfhosis af fhe posfe- 
rior aspecf of fhe heel and fherefore some pisfon- 
ing is unavoidable. A similar leaf spring design, fhe 
VAPC shoe clasp orfhosis (see Figures 11-55 and 11- 
56), has essenfially fhe same limifafions, buf if ab¬ 
sorbs fhe pisfoning mofion by fhe inserfion of a 
posferior plasfic spring info a sleeve of fhe calf band. 
By pushing fhe orfhosis info planfar flexion, an as- 


sessmenf can also be made of fhe force wifh which 
if will resisf a spasfic calf fhaf is driving fhe foof 
info equinus posifion. Ofher orfhoses can be fesfed 
as described in fhese examples, and based on fhis 
informafion, a cusfomized orfhosis can be pre¬ 
scribed for fhe individual. 

Functional Electrical Stimulation of Peroneal Nerve 

FES has been used in hemiparefic pafienfs in an 
affempf fo replace fhe AFO. Funcfional elecfrical 
sfimulafion was infroduced by Liberson and co- 
workers^^ and was applied fo fhe peroneal nerve in 
fhe area of fhe fibular neck fo produce dorsiflexion 
and eversion during fhe swing phase of gaif. Ini- 
fially, skin elecfrodes were used, and fhe phasing 
of sfimulafion was confrolled by swifches incorpo- 
rafed in fhe shoe. Pulse durafion of fhe currenf was 
befween 20 and 33 microseconds wifh a repefifion 
rafe of 24 fo 100 Hz, and infensify befween 90 and 
200 mA. 

While fhis type of FES is rarely prescribed for 
permanenf use, if is an exfremely helpful fool when 
used during fhe recovery phase, for reeducafion of 
fhe pafienf wifh hemiparesis resulfing from brain 
injuries and sfroke, and especially wifh pafienfs 
who have paresis associafed wifh decreased sensory 
feedback. While if produces a more normal gaif 
paffern, if also produces a significanf enhancemenf 
of sensory and propriocepfive feedback, including 
feedback from joinf posifion sense and muscle con- 
fracfion. If fhe proper level of sfimulafion af fhe 
peroneal nerve is used, if may produce nof only 
dorsiflexion and eversion of fhe foof buf also knee 
flexion and hip flexion during swing. For fhis pur¬ 
pose fhe sfimulafion level usually has fo be in¬ 
creased fo fhe nocicepfive level. The whole sysfem 
could be modified by implanfing a receiving an- 
fenna under fhe skin of fhe anferomedial aspecf of 
fhe fhigh (Figure 11-58); a sfimulus would be con- 
ducfed fo a surgically implanfed elecfrode placed 
around fhe peroneal nerve. Sfimulafion would be 
acfivafed by a fransmiffer anfenna placed over fhe 
same area oufside fhe skin where fhe receptor an¬ 
fenna was implanfed. Through felemefry, fhe frans¬ 
miffer anfenna receives fhe properly fimed sfimu- 
lafory signal, which is confrolled by a fransmiffer, 
fhaf in furn receives fhe signal from shoe swifches. 
The fransmiffer and fhe baffery pack are carried on 
a waisf belf. The FES sysfem was infended for long- 
ferm use. However, from fhe beginning, fhe indica- 
fions for successful use of fhe sysfem were fairly 
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Fig. 11-58. Relative location of neuromuscular assist 
equipment on a patient with right side hemiplegia. Re¬ 
printed with permission from Lehmann JR Lower limb 
orthotics. In: Redford JB, ed. Orthotics Etcetera. 3rd ed. 
Baltimore, Md: Williams & Wilkins; 1986; Redrawn with 
permission from Waters RL, McNeal D, Perry J. Experi¬ 
mental correction of foot drop by electrical stimulation of 
the peroneal nerve. Arch Rhys Med Rehabil. 1975;53:276-281. 


restrictive. Waters and Miller^^ found in their suc¬ 
cessful pafienfs using FES fhaf fhe pafienfs had fo 
walk fasfer fhan 25 m/ min wifhouf any orfhosis and 
needed good balance; and fhe sysfem worked besf 
for gaif problems caused by foof drop. 

One advanfage of any elecfrical sfimulafion is 
fhaf reciprocal inhibifion of fhe gasfrocnemius and 
soleus is produced when fhe peroneal nerve is 
sfimulafed. Significanf problems wifh fhe FES sys¬ 
fem are fhaf if musf be surgically implanfed, and if 
fhe wires break, repeaf surgery will be necessary. 
Also, mosf pafienfs prefer a simple PAFO fhaf serves 
well and has fewer problems. 

Knee-Ankle-Foot Orthoses 

Knee-ankle-foot orthoses are commonly used for 
condifions caused by upper and lower motor neu¬ 
ron lesions.Bilaferal applicafion is common in 
SCIs fhaf produce upper mofor neuron lesion, 
which cause spasficify, and lower mofor neuron le¬ 
sions of fhe cauda equina, which cause flaccidify. 


Unilaferal use is more common when weakness of 
fhe quadriceps is combined wifh weakness around 
fhe ankle. The main funcfion fhese orfhoses provide, 
beyond fhose fhe AFOs provide, is unequivocal 
knee sfabilify.^^'^® The reasons for applicafion of 
fhese orfhoses are fo provide mediolaferal sfabilify 
af fhe ankle (as in AFOs); simulafe pushoff by pro¬ 
vision of an anferior dorsiflexion pinsfop in combi- 
nafion wifh fhe sole plafe fo fhe mefafarsal head 
area; and provide, during fhe swing phase, foe 
pickup by use of a planfar flexion stop af fhe ankle 
(as in AFOs). 

Standard Components 

The sfandard KAFO is consfrucfed wifh double 
mefal uprighfs, a knee joinf (usually lockable wifh 
a bail), and a double-sfopped ankle joinf connecfed 
fo a sfirrup and sole plafe af fhe mefafarsal head 
area. The uprighfs are held fogefher by padded rigid 
upper and lower posferior fhigh bands and fhe 
calf band (Figure 11-59).The relafive depfh of fhe 
upper fhigh band fo fhe lower fhigh band will de¬ 
termine fhe posifion of fhe fhigh and, fherefore, 
fhe posifion of fhe knee in fhe orfhosis. A deep 
upper fhigh band wifh a shallow lower fhigh band 
posifions fhe fhigh and knee in slighf flexion, while 
a relafively shallow upper fhigh band wifh a 
deep lower fhigh band produces an exfension of fhe 
knee. Tighf and shallow refer fo fhe disfance of fhe 
posferior aspecf of fhe rigid bands from fhe up¬ 
righfs. 

Six common variafions of fhe KAFO are used.'^^ 
The orfhoses vary significanfly as fo where fhe knee 
sfabilizing force in fronf is applied. The correspond¬ 
ing counfer forces are af fhe upper fhigh band above 
and af fhe shoe below. Three brace configurafions 
(see Figure 11-59) apply fhe sfabilizing force 
fhrough fwo sfraps fo prevenf fhe knee from bend¬ 
ing in fhe brace. The firsf one uses fhe combinafion 
of a suprapafellar and pafellar fendon sfrap, where 
bofh sfraps apply forces fo very foleranf areas: 
quadriceps above fhe patella and fhe pafellar fen¬ 
don below. The second orfhosis uses a soff closure 
of fhe lower fhigh band in combinafion wifh fhe soff 
closure of fhe calf band. And, fhe fhird orfhosis uses 
a combinafion of fhe tower fhigh band closure and 
fhe pafellar fendon sfrap. These fhree models have 
fhe advanfage of disfribufing fhe knee sfabilizing 
force over fwo sfraps, reducing fhe force per square 
cenfimefer on fhe skin. 

The remaining fhree configurafions use only one 
sfrap fo apply fhe knee sfabilizafion force: (1) wifh 
a suprapafellar sfrap, (2) wifh fhe pafellar fendon 
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Fig. 11-59. Knee-ankle-foot orthoses: six common configurations. Reprinted with permission from Lehmann JF, War¬ 
ren CG. Restraining forces in various designs of knee-ankle orthoses: Their placement and effect on the anatomical 
knee joint. Arch Phys Med Rehabil. 1976;57:430-442. 


strap, and (3) with the knee cap strap, or spider. 
Note that the suprapatellar and the knee cap straps 
apply a single stabilization force above the knee 
joint. In the knee cap strap the force is applied fo 
fhe pafella, and fhe pafella, in furn, applies fhe force 
fhrough fhe pafellarfemoral joinf fo fhe femur above 
fhe knee. All modificafions of fhis orfhosis have a 
soff closure of fhe upper fhigh band in fronf. 

These six configurafions have been evaluafed 
biomechanically, as fo fheir effecfiveness; a major 
objecfive of fhis evaluafion was fhe reducfion of fhe 
force applied fo fhe skin by fhe knee sfabilizafion 
bands. If fhe fofal sfabilizafion force was measured 
irrespecfive as fo whefher if was applied by one or 
fwo sfraps, if was found fhaf fhe highesf force ap- 
plicafion was produced by fhe use of fhe lower fhigh 
band and calf band closures because of fhe poor le¬ 
verage of fhe forces applied far away from fhe knee 
cenfer. This demonsfrafes fhaf fhe sfabilizafion 
forces should be applied close fo fhe knee cenfer. 

Measuremenfs of fhe sfabilizafion force fhaf 
keeps fhe knee from buckling in fhe brace reveal 
fhaf if a few degrees of knee flexion are allowed in 
fhe orfhosis, fhe force is doubled. The knee posi- 
fion can be confrolled by fhe proper depfh of fhe 
upper and lower fhigh bands. If is also imporfanf 
fhaf fhe brace be properly applied. Offen fhe brace 
is applied while fhe pafienf is siffing, so fhaf fhe 
sfabilizafion sfraps are cinched foo loosely; as fhe 


pafienf sfands up, fhe knee bends in fhe orfhosis 
and increases fhe forces againsf fhe sfraps. Proper 
recinching of fhe sfraps is necessary when fhe pa¬ 
fienf refurns fo a seafed posifion. This clearly dem¬ 
onsfrafes fhaf fhe brace musf be designed and ap¬ 
plied fo keep fhe knee sfraighf. 

If fhe force required fo sfabilize fhe knee is mea¬ 
sured af each sfrap, if will be found fhaf fhe lowesf 
force across fhe surface area of skin is produced by 
fhe combinafion of fhe suprapafellar and pafellar 
fendon sfraps. These sfraps are close fo fhe knee, 
disfribufe fhe forces befween fwo sfraps, and ap¬ 
ply fhe forces fo very foleranf areas. Therefore, fhe 
minimal force across surface area is provided by a 
combinafion of fhe suprapafellar sfrap and pafel¬ 
lar fendon sfrap. Since fhe pafellar fendon sfrap 
applies fhe force fo an exfremely foleranf area, if 
also can be used alone, provided fhe sfrap is nof 
placed over fhe shin. 

A sfudy of fhe shear forces acfing on fhe knee 
ligamenfs in fhe orfhosis in paraplegic swing- 
fhrough ambulafion showed fhaf if an improper 
placemenf of fhe knee sfabilizing sfraps was used 
fhese shear forces were excessive in amplifude and 
durafion, wifh fhe femur shearing back on fhe fibia 
during fhe lafer parf of fhe sfance (Figures 11-60 
fhrough 11-62).^^This shows fhaf fo avoid excessive 
knee shear, af leasf a major porfion of fhe knee sfa¬ 
bilizafion force should be applied below fhe knee. 
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Fig. 11-60. Anatomical knee shear showing force interaction between femur and tibia. Positive values indicate the 
femur shearing forward on the tibia. Negative values indicate the femur shearing backward on the tibia. Reprinted 
with permission from Lehmann JF, Warren CG. Restraining forces in various designs of knee ankle orthoses: Their 
placement and effect on the anatomical knee joint. Arch Phys Med Rehabil. 1976;57:430-437. 



Newtons 

Fig. 11-61. Schematic representation of shear in the limb 
and orthosis during pushoff, the stabilizing strap below 
the knee. Reprinted with permission from Lehmann JF, 
Warren CG. Restraining forces in various designs of knee 
ankle orthoses: Their placement and effect on the ana¬ 
tomical knee joint. Arch Phys Med Rehabil. 1976;57:430-437. 



Newtons 

Fig. 11-62. Schematic representation of shear in limb and 
orthosis during pushoff with stabilizing force above the 
knee. Reprinted with permission from Lehmann JF, War¬ 
ren CG. Restraining forces in various designs of knee 
ankle orthoses: Their placement and effect on the ana¬ 
tomical knee joint. Arch Phys Med Rehabil. 1976;57:430-437. 
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If the forces are measured against the edge of the 
upper thigh band when the orthosis is too long and 
does not allow enough clearance between the is¬ 
chium and the upper thigh band with the hip ex¬ 
tended, the forces during paraplegic swing-through 
ambulation are approximately 10 to 15 N/cm^ (ap¬ 
proximately 2,000 mm Hg). Therefore, abrasion and 
sores are produced because of this brace fault/^ In 
conclusion, when the hip is fully extended, there 
should be at least two fingers width of clearance 
between the edge of the upper posterior thigh band 
and the ischium. 

In summary, the orthotic designs of the biome- 
chanically optimal KAFO should place knee re¬ 
straining forces close to the knee, hold the patient's 
knee straight, distribute forces between straps, and 
apply the primary force below the knee. On hip 
extension, the upper edge of the posterior thigh 
band should adequately clear the ischium. In addi¬ 
tion, the orthosis should be designed so that weight 
is reduced, donning and doffing are easy, free stand¬ 
ing balance is possible even for a paraplegic patient 
with hands free, and energy expenditure is reduced. 

Scott-Craig Orthosis 

The Scott-Craig orthosis was designed to reduce 
the weight of the orthosis and to ease donning and 
doffing.In this design, a posterior thigh band 
remains as the upper rigid connection between the 
two uprights of the orthosis. The lower posterior 
thigh band is eliminated. The bail lock at the knee 
is retained. The posterior calf band has been elimi¬ 
nated, but a rigid anterior shin piece not only con¬ 
nects the metal uprights below the knee but also 
supplies the knee stabilization force. The remain¬ 
der of the orthotic design at the ankle and foot is 
the same as the standard orthosis. In evaluation 
studies^*’ to determine if the rigidity of this design 
was adequate to handle stresses produced by 
paraplegic swing-through ambulation, it was found 
that a minimum of three rigid connections are re¬ 
quired to hold the brace uprights together and pre¬ 
vent permanent deformation: the posterior upper 
thigh band above, the stirrup below, and one more 
rigid cross connection in the middle. 

The Scott-Craig orthosis more than adequately 
fulfills the rigidity requirements; it also applies sta¬ 
bilization forces below the knee and, therefore, re¬ 
duces knee shear. However, the original design of 
the knee stabilizing force should be modified to pro¬ 
duce a plastic molded or padded piece that applies 
most of the force to the patellar tendon area in ad¬ 
dition to the tibial condyles. This avoids develop¬ 


ment of skin sores in a vigorous walker, when only 
a rigid padded band over the shin is applied. An¬ 
other modification required is the replacement of 
the eliminated posterior calf band by a soft closure 
to keep the orthosis from slipping from the coni¬ 
cally shaped thigh, forward on the knee, when the 
patient sits down. With these modifications, the 
Scott-Craig orthosis improves donning and doffing 
and moderately reduces the weight of the ortho- 
sis.^^ 

Metabolic Requirements 

It is essential that metabolic requirements for 
patients using KAFOs, specifically for paraplegic 
or SCI persons, be reduced to a minimum. Paraple¬ 
gic ambulation is limited because of the high rate 
of energy consumption when walking at a func¬ 
tional speed, compared to the mechanical ability of 
patients using a swing-through gait.'*®'™ The fea¬ 
tures, which reduce energy consumption in any one 
of the orthoses already discussed, depend largely 
on the amount of substitution of pushoff the ortho¬ 
sis provides (see Figure 11-43).®^ The incorporation 
of a rigid anterior dorsiflexion pinstop at the ankle, 
in combination with the sole plate riveted to the 
stirrup and extending to the metatarsal head area, 
substitutes for pushoff. The standard orthosis and 
the Scott-Craig orthosis incorporate these features. 
During a swing-through gait, at the time when the 
two crutches are in front of the feet and the center 
of gravity moves forward, pivoting will occur at the 
end of the sole plate as dorsiflexion is stopped. 
Therefore, the heel rises and the center of gravity 
pathway curve is elevated at the lower end. As a 
result, the lift required for the clearance during 
swing is reduced.^® Reduction of the amplitude of 
the center of gravity motion in the vertical direc¬ 
tion saves approximately 30% of the mechanical 
work and metabolic requirements for ambulation. 
An orthosis not equipped with a dorsiflexion stop 
and sole plate does not provide substitution for 
pushoff and, therefore, does not save the 30% of 
energy consumption. 

In conclusion, the addition to the KAFO of an 
anterior dorsiflexion pinstop in combination with 
the rigid sole plate to the metatarsal head area simu¬ 
lates pushoff, reduces vertical center of gravity ex¬ 
cursions, and reduces mechanical work done and 
energy expenditure when the patient walks. This 
may prevent the patient from entering the anaero¬ 
bic phase of metabolism, and, thus, increases walk¬ 
ing endurance. Both the standard orthosis and the 
Scott-Craig orthosis provide this benefit. 
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TABLE 11-3 

COMPARISON OF STANDING BALANCE 





Average Standing Balance/s 

Patient 

no. 

Gender 

Level 
of lesion 

Post. 

Stop 

(n=5) 

Post, and 
Ant. Stop 
(n=5) 

t Value 
(p) 

1 

F 

T12 

1.55 

300.0 

1039.171 

(0.0001) 

2 

F 

T7-8 

3.5 

300.0 

1228.081 

(0.0001) 

3 

M 

L2-3 

3.6 

246.0 

8.602 

(0.0001) 

4 

M 

T4 

1.58 

8.9 

1.218 

(0.4872) 

5 

M 

L3 

40.25 

80.15 

1.640 

(0.072) 


Reprinted with permission from Lehmann JF, de Lateur BJ, 
Warren BS, Simons BC, Guy AW. Biomechanical evaluation of 
braces for paraplegics. Arch Phys Med Rehabil. 1969;50:187. 


Standing Balance 

The same KAFO features that produce substitu¬ 
tion for the pushoff influence the standing balance. 
These are the anterior dorsiflexion pinstop in com¬ 
bination with the sole plate to the metatarsal head 
area, and the incorporation of a posterior pinstop 
at the ankle. In this brace configuration, an area of 
stable support exists within which the center of 
pressure may sway without imbalance of the pa¬ 
tient. This support extends from the end of the sole 
plate in front to the posterior aspect of the heel, and 
from the side of one foot to the side of the other 
foot. In contrast, without the anterior dorsiflexion 
pinstop, the area of stable support extends only 
from the level of the ankle joint to the posterior as¬ 
pect of the heels, which makes standing balance 
possible for only a few seconds rather than for min¬ 
utes (Table 11-3). 

The Use of Pelvic Bands with KAFOs 

A pelvic band may be connected to the KAFO by 
a hip joint that may be locked through a drop lock. 
The pelvic band encircles the pelvis between the 
greater trochanter and the iliac crest. The front part 
of the pelvic band is rigid and padded, and the pos¬ 
terior part has a soft closure (Figure 11-63). Pelvic 
bands were expected to reduce excessive lumbar 


spine motion in ambulation that used a swing- 
through gait pattern. The band was also supposed 
to produce more standing stability, but a biome¬ 
chanical functional evaluation has shown greater 
lumbar excursions with the pelvic band than with¬ 
out because of the restriction of motion at the hip 
for which the lumbar spine motion compensated. 
For the same reason, the mean stride length was 
reduced.“Due to the immobilization of the hip, a 
greater lift of the center of gravity of the body was 
required during swing. The time required for don¬ 
ning and doffing was almost doubled as compared 
with the standard KAFO. On the other hand, stand¬ 
ing balance was slightly improved. Also, the un¬ 
even forward swing of the leg in paraplegic ambu¬ 
lation, which is caused by spasticity, was slightly 
improved. In most cases this could be overcome by 
training. 

The pelvic band offers the slight advantage of 
controlling spastic lower extremities and improves 
standing balance. However, lumbar excursions and 
vertical excursions of the center of gravity are both 
increased. The step length is decreased. All these 
factors lead to an increased metabolic demand. 
Therefore, the pelvic band should be used only if 
there is a stringent reason for its application. A nor¬ 
mal, swing-through gait pattern, where the patient 
has intact hip ligaments and no flexion contractures 
will allow the hip to be stable when the crutches 
are in front of the feet. In this position, gravitational 
forces extend the hip against the iliofemoral, pubo¬ 
femoral, and ischiofemoral ligaments, around ex¬ 
tension check ligaments, to stabilize the hip in ex¬ 
tension. During the phase of the gait cycle where 
the crutches are behind the feet, arching of the back 
would place the center of gravity of the body above 



Fig. 11-63. The pelvic band. Reprinted with permission 
from Lehmann JF, de Lateur BJ, Price R. Knee-ankle-foot 
orthoses paresis and paralysis. Phys Med Rehabil Clin 
North Am. 1992;3:161-183. 
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TABLE 11-4 

PARAPLEGIC AMBULATION 


Researcher and Date 

N 

Speed 

Type of Disability and Appliances (m/min) 

Energy Expenditure 
kcal/min/kg kcal • 10‘^/m/kg 

Glinkingbeard, 1964' 

4 

Thoracic paraplegics 

4 

0.043 

9.05 


3 

Lumbar paraplegics 

20 

0.048 

2.37 

Gordon, 1956^ 

3 

Thoracic paraplegics 

27 

0.090 

2.44 


10 

All paraplegics 

27 

0.086 

2.32 


Adapted with permission from Fisher SV, Gullickson G Jr. Energy cost of ambulation in health and disability: A literature review. 
Arch Phys Med Rehabil. 1978;59:130. Data sources: (1) Glinkingbeard JR, Gertsen JW, Hoehn D. Energy cost of ambulation in the 
traumatic paraplegic. Am ] Phys Med. 1964;43:157-165. (2) Gordon EE, Vanderwalde H. Energy requirements in paraplegic ambula¬ 
tion. Arch Phys Med Rehabil. 1956;37:276-285. 


and, therefore, the ground reactive force line behind 
the hip joint, thus extending it. This process locks 
the hip stably in extension against the ligaments. 
Therefore, there is no need for the pelvic band to 
stabilize the hip during the swing-through or 
swing-to gait patterns. In conclusion, the only ad¬ 
vantages of the pelvic band would be some slightly 
better control of spastic lower extremities and im¬ 
proved standing balance. 

Functional Use of Bilateral KAFOs in Paraplegia 

The metabolic efficiency of paraplegic ambula¬ 
tion is poor (Table 11-4). To keep the rate of energy 
expenditure low enough to avoid entering the 
anaerobic phase of metabolism, which would re¬ 


duce endurance, the paraplegic person considerably 
decreases walking speed.^^Because the metabolic ef¬ 
ficiency of walking also depends on the SCI level, 
it has been generally recommended that only per¬ 
sons with lower lumbar level lesions be provided 
with orthoses and trained for ambulation. A more 
functional way to look at this problem follows. 

The demands for distance walked and speed of 
ambulation placed on the patient in his or her envi¬ 
ronment should be assessed irrespective of the level 
of the spinal cord lesion. If the paraplegic patient 
can cover the distance required and provide the 
speed needed, braces should be prescribed and 
training should be provided. For a long distance 
ambulator, the wheelchair should be considered 
since its metabolic requirements (Table 11-5) are less 


TABLE 11-5 

WHEELCHAIR LOCOMOTION* 


Researcher and Date 

N 

Type of Disability and Appliances 

Speed 

(m/min) 

Energy Expenditure 
kcal/min/kg kcal • 10“^/m/kg 

Hildebrandt, 1970' 

30 

Wheelchair-bound 

67 

0.037 

* 

0.47 

Glaser, 1975^ 

9 

Normals 

53 

0.047''' 

0.89''' 


9 

Normals 

70 

0.056''' 

0.79''' 


9 

Normals 

83 

0.071''' 

0.84''' 


Calculated knowing kcal/ min and m/ min 
^Calculated from O 2 consumption 

Reprinted with permission from Fisher SV, Gullickson G Jr. Energy cost of ambulation in health and disability: A literature review. 
Arch Phys Med Rehabil. 1978;59:131. Sources: (1) Ftildebrandt G, Voigt ED, Bahn D, Berendes B, Kroger J. Energy costs of propelling 
wheelchair at various speeds: Cardiac response and effect on steering accuracy. Arch Phys Med Rehabil. 1970;51:131-136. (2) Glaser 
RM, Edwards M, Barr SA, Wilson GH. Energy cost and cardiorespiratory response to wheelchair ambulation and walking (ab¬ 
stract). Fed Proc. 1975;34:461. 
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than that of normal ambulation. For a high level of 
SCI, such as quadriplegia, even fhe use of a manual 
wheelchair may force fhe pafienf fo use fhe anaero¬ 
bic mefabolism because of fhe small muscle mass in¬ 
volved in fhis acfivify. In fhose cases, an elecfric wheel¬ 
chair should be considered. 

In conclusion, depending on fhe demands for 
ambulafion placed on fhe SCI person by his or her 
environmenf and fhe abilify fo fulfill fhese require- 
menfs, fhe pafienf should be fitted and framed wifh 
orfhoses or given a manual or elecfric wheelchair. This 
approach is in confrasf fo framing for fhe use of 
braces and crufches solely based on fhe level of fhe 
spinal cord lesion. 

Reciprocating Gait Orthosis 

Usually, walking speed is significanfly limifed 
wifh fhe reciprocafing gaif orfhosis (RGO). In a sfudy 
by Merriflousing speeds from 17 fo 41 m/min, if was 
found fhaf fhe oxygen consumpfion per kilogram of 
body weighf per mefer walked rose rapidly af speeds 
above 27 m/min when using fhe alfernafing gaif 
paffern. By comparison, fhe Scoff-Craig orfhosis 
was more energy efficienf when used wifh fhe 
swing-fhrough gaif af fhe same speed as fhe RGO. 
If fhe RGO was used like fhe Scoff-Craig wifh a swing- 
fhrough gaif paffern, fhe energy consumpfion was fhe 
same in bofh cases. Thus, subjecfs using RGOs wifh 
reciprocafing gaifs have higher energy expendifures 
(V 02 /min) and poorer energy efficiencies (VO 2 /m) 
fhan when using sfandard orfhoses wifh a swing- 
fhrough gaif. Therefore, long susfained ambulafion 
af funcfional speeds is more difficulf fhan wifh fhe 
sfandard or Scoff-Craig orfhosis. 

The RGO is commonly used for pafienfs wifh 
SCIs, or fhose wifh cauda equina lesions. The 
orfhofic design for fhe RGO is shown in Figure 11- 
64. To keep fhe weighf of fhis orfhosis wifhin toler¬ 
able limifs, a greafer amounf of plasfic maferial is 
used compared fo, for example, fhe AFO and fhe 
fhigh cuff. In addifion, one of fhe main feafures is 
fhaf low fricfion Bowden cables are used, which 
fransfer power from hip exfension on one side fo 
hip flexion on fhe ofher side, or power from hip flex¬ 
ion info hip exfension on fhe opposife side. Thus, a 
reciprocafing gaif paffern can be achieved provided 
fhe pafienf has some hip flexion or hip exfension 
power available af hip musculafure. The orfhosis 
braces nof only fhe hip buf also fhe frunk. Locking 
mechanisms for hip and knee can be added. 

The developmenf of fhe RGO has been based on 
fhe design of fhe hip guidance orfhosis, which al¬ 
lows limifafions fo be sef for hip flexion-exfension 



Figs. 11-64 and 11-65. (ll-64)The reciprocating gait ortho¬ 
sis. Photograph: Courtesy of Durr-Fillauer Medical, Inc., 
Chatanooga, Tennessee. (11-65) The ParaWalker. Photo¬ 
graph: Courtesy of ORLAU publishing. Oswestry, Shrop¬ 
shire, Great Britain. 

and uses a rocking motion to get one leg in front of 
fhe ofher, fhus producing a reciprocafing gaif paf¬ 
fern.Originally, if was primarily designed for 
lower motor neuron lesions, such as meningomy- 
elocoele and low level SCIs, fhaf is, cauda equina 
lesions (Figure 11-65). Ifs modificafion for paraple¬ 
gic persons is also known as fhe ParaWalker.®* 

Functional Electrical Stimulation for Bracing 

FES of key muscle groups in proper sequence for 
walking has now been used in major SCI freafmenf 
confers.®^'®® The sequence is confrolled eifher by fhe 
pafienf wifh swifches, or by a microprocessor. For 
balance and sfabilify, walkers or crufches are also 
used. The gaif paffern is a reciprocal one. Common 
muscles sfimulafed are glufeus medius, glufeus 
minimus, glufeus maximus, iliacus, recfus femoris, 
vasfus laferalis, vasfus infermedius, and vasfus 
medialis.®®Bofh surface elecfrodes as well as frans- 
cufaneous wire elecfrodes are used. The lack of sen- 
safion in fhe SCI pafienf is an advanfage, as fhe level 
of currenf used for sfimulafion may be unpleasanf. 
Furfher research in fhis area is required because fhe 
speed of ambulafion wifh fhis fype of brace is very 
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TABLE 11-6 


ENERGY COSTS OE AMBULATION WITH EUNCTIONAL NEUROMUSCULAR STIMULATION 


Subject 

Trial 

Number 

Distance 

(m) 

Speed 

(m/s) 

O 2 Consumption 
(L/min) 

Energy Expenditure 
(kcal/kg/min) (kcal/kg/m) 

O 2 Debt 
(L) 

1 

1 

58.5 

0.32 

1.36 

0.089 

4.74 X 10-3 

1.89 

1 

2 

30.5 

0.35 

1.43 

0.094 

4.43 X 10-3 

1.62 

1 

3 

29.6 

0.17 

1.57 

0.099 

9.84 X 10-3 

2.30 

1 

4 

30.5 

0.39 

1.42 

0.094 

4.05 X 10-3 

1.33 

* 

1 

5 

28.7 

0.11 

1.38 

0.091 

13.40 X 10-3 

1.62 

2 

1 

58.5 

0.16 

1.64 

0.103 

10.98 X 10-3 

1.59 

2 

2 

30.2 

0.15 

1.39 

0.088 

9.53 X 10-3 

1.73 

2 

3 

39.6 

0.13 

1.52 

0.101 

13.13 X 10-3 

1.79 

2 

4 

30.5 

0.16 

1.49 

0.099 

10.13 X 10-3 

1.59 

* 

2 

5 

30.2 

0.16 

1.46 

0.093 

9.66 X 10-3 

1.80 

3 

1 

58.5 

0.56 

1.48 

0.093 

2.77 X 10-3 

2.90 


x = 0.24 m/s x = 0.095 

SD = 0.005 


No hamstrings or gluteals; subject 1: x= 0.093, SD = 0.003; subject 2; x= 0.097, SD = 0.007 

Reprinted with permission from Marsolais EB, Edwards BG. Energy costs of walking and standing with functional neuromuscular 
stimulation and long leg braces. Arch Phys Med Rehabil. 1988;69:243-249. 


slow and the metabolic efficiency is very low (Table 
11-6 and Figure 11-66).“'’^ 

An efforf is presenfly made in research cenfers 
fo overcome fhe slow walking speed and fhe high 
energy consumption of FES by combining fhis 
mefhod wifh some of fhe commonly used orfhoses, 
including fhe RGO. In conclusion, because of fhe 
low walking speed and fhe high energy cosf of 
ambulafion by elecfrical sfimulafion, fhe use of fhis 
mefhod of ambulafion is currenfly limifed. 

Orthoses for Skeletal Insufficiency 

Orfhoses for skelefal insufficiency can be used 
for early mobilizafion of pafienfs with fractures and 
to allow conservative management of common joinf 
deformifies fhaf result from ligamentous injuries. 
They should, however, be considered as a supple- 
menf or an alfernafive fo a surgical approach. 

Fig. 11-66. Energy efficiency of paraplegic persons walk¬ 
ing with functional nerve stimulation and with long leg 
braces (LLB) compared with normal walking. Functional 
nerve stimulation data from Marsolais EB, Edwards BG. 
Arch Phys Med Rehabil. 1988;69:243-249; long leg brace data 
from the literature; normal subject data from Inman VT, 
Human Walking. Baltimore, Md: Williams & Wilkins; 1981. 
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These orthoses incorporate two main functional 
features: (1) reduction of weighf bearing on fhe 
lower exfremify by channeling a major amounf of 
fhe weighf-bearing forces fhrough fhe ground via 
fhe orfhosis and, fhus, bypassing fhe skelefal sys- 
fem; and (2) mainfenance of bone and joinf align- 
menf. 

Ischial Weight-Bearing Orthoses 

The ischial weighf-bearing orfhosis uses a cuff 
design essenfially idenfical fo fhaf of fhe sockef for 
fhe above-knee ampufee (Figure 11-67). The bulge 
over fhe femoral friangle pushes fhe limb backward 
so fhe ischium resfs on fhe ischial seal of fhe orfhofic 
cuff. The plasfic cuff is made using laminafion fech- 
niques or using heaf-forming plasfics. If can exfend 
all fhe way fo fhe level of fhe knee and, fherefore, 
mainfain full alignmenf of fhe femoral shaff. Af fhe 
knee, fhe orfhosis usually incorporafes a lockable 
knee joinf, as in fhe KAFO. Below fhe knee, if may 
incorporafe fhe equivalenf of a PAFO wifh adequafe 
fronf closure fo preserve proper alignmenf of fibia 
and fibula. As an alfernafive, a mefal double- 
stopped ankle joinf can be used in combinafion wifh 
a sole plafe fo fhe mefafarsal head area. The orfho¬ 
sis is purposely filled foo long, fhaf is, wifh a clear¬ 
ance of up fo one inch befween fhe heel of fhe fool 



Fig. 11-67. Rigid, quadrilateral cuff for ischial weight¬ 
bearing orthoses. Reprinted with permission from 
Lehmann JF, Warren CG, de Lateur BJ, Simons BC, 
Kirkpatrick G. Biomechanical evaluation of axial load¬ 
ing in ischial weight-bearing braces of various designs. 
Arch Phys Med Rehabil. 1970;51:331-337. 


and fhe sole of fhe shoe, fo force weighf bearing 
fhrough fhe orfhosis. The fransmission of force info 
fhe orfhosis occurs by way of fhe ischium info fhe 
ischial seal and fhrough fhe noncompressible soil 
fissues info fhe fhigh cuff. 

Biomechanical sfudies“have compared fhe effec- 
fiveness of fhe weighf-bearing funcfion of fhis 
orfhosis wifh differenl designs, wifh and wifhouf 
fhe pafienf having been framed in fheir use. The 
ground reacfive force was compared wifh fhe 
amounf of force fransmiffed fhrough fhe insfru- 
menfed orfhosis. The difference befween fhe fwo 
represenfs fhe force fransmiffed fhrough fhe skel¬ 
efal sysfem. In general, fhe weighf-bearing funcfion 
of fhis orfhosis depends on fhe design and framing 
as follows: 

1. The orfhosis wifh a locked knee and a paf- 
fen boffom produces 100% weighf bearing 
fhrough fhe orfhosis (Figure 11-68). 

2. The orfhosis wifh fhe locked knee, fhe fixed 
ankle, and rocker boffom, wifh framing fo 
avoid fhe pushoff, produces 90% weighf 
bearing fhrough fhe orfhosis. Training con- 
sisfs of feaching fhe pafienfs fo avoid plan- 
far flexion and pushoff wifhin fhe orfho¬ 
sis, which would load fhe skelefal sysfem 
and unload fhe brace. 



Fig. 11-68. Orthosis with locked knee and patten bottom. 
Reprinted with permission from Lehmann JF, Warren CG, 
de Lateur BJ, Simons BC, Kirkpatrick G. Biomechanical 
evaluation of axial loading in ischial weight-bearing 
braces of various designs. Arch Phys Med Rehabil. 
1970;51:331-337. 
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3. The orthosis with the locked knee and fixed 
ankle, without a rocker bottom but with 
training, produces weight bearing through 
the orthosis at approximately 80% of body 
weighf. 

4. The orfhosis wifh fhe locked knee and fixed 
ankle, wifh no fraining, produces weighf 
bearing fhrough fhe orfhosis af approxi- 
mafely 50% of body weighf. Due fo fhe lack 
of fraining fo avoid pushoff, fhe pafienf 
loads fhe skelefal sysfem and unloads fhe 
orfhosis by planfar flexing fhe foof, push¬ 
ing againsf fhe ground wifh fhe forefoof 
during fhe laffer parf of fhe sfance. This 
reduces fhe weighf bearing from 80% fo 
50%. 

5. The orfhosis wifh fhe locked knee and free 
ankle joinf, wifh no fraining, produces ap- 
proximafely a maximum of 50% weighf 
bearing fhroughouf fhe orfhosis, buf only 
during fhe heelsfrike phase. During push¬ 
off, fhe lead foof confacfs fhe ground and 
loads fhe skelefal sysfem, fhereby reduc¬ 
ing fhe weighf-bearing funcfion of fhe 
orfhosis. 

In conclusion, fhe ischial weighf-bearing orfho¬ 
sis can reduce weighf bearing fhrough fhe skelefal 
sysfem (ie, fhe femoral shaff and below) fo variable 
degrees; fhe amounf of reproducfion depends on 
fhe modificafions of fhe orfhosis and fhe fraining 
of fhe pafienf. However, fhese orfhoses cannof be 
effecfively used for profecfion of fhe hip joinf be¬ 
cause only abouf one fhird of fhe fransmission of 
weighf occurs af fhe ischium, which bypasses fhe 
hip joinf. The resf goes fhrough fhe hip joinf and 
fhen fhrough fhe soff fissues info fhe cuff of fhe 
orfhosis. 

The weighf-bearing orfhosis has commonly been 
used in fhe form of fracfure casf bracing for early 
mobilizafion affer femoral fracfures, and has also 
been successfully used in cases of delayed union or 
nonunion fracfures. This is presumably because fhe 
orfhosis mainfains fhe fracfure alignmenf, while af 
fhe same fime allows some force fransmission 
fhrough fhe fracfure sife during funcfional ambu- 
lafion, fhus sfimulafing healing. 

Patellar Tendon Bearing Orthosis 

The basic design of fhe weighf-bearing cuff is fhe 
same design as fhaf of fhe pafellar fendon bearing 
sockef used for fhe below knee ampufee. For easier 
donning and doffing, fhe cuff is halved and fhe fwo 


halves are connecfed by buckles similar fo fhose of 
a rigid ski boof. The cuff may be exfended fo incor- 
porafe fhe ankle joinf. The cuff posifions fhe knee 
info 10° of flexion fo allow proper weighf bearing 
fhrough fhe pafellar fendon area, which pushes 
againsf fhe indenfafion of fhe cuff. Correspondingly, 
fhe fixed ankle joinf (Figure 11-69) should be ad- 
jusfed in 7° of dorsiflexion fo accommodafe fhe 
flexed knee. Again, clearance befween fhe heel and 
fhe sole of fhe shoe can be up fo one inch. Wifh a 
fixed ankle, and fraining fo avoid planfar flexion 
(pushoff) of fhe foof, weighf bearing can be maxi¬ 
mally 50% fo 60% of body weighf. To avoid weighf 
bearing during pushoff, a rocker boffom may be 
added. 

According fo Fry and associafes,'’®indicafions for 
fhe shorf-ferm use of fhe orfhosis are fracfures of 
fhe os calcis, posfoperafive fracfures of fhe ankle, 
painful condifions of fhe heel fhaf have been refrac¬ 
tory fo conservafive managemenf, and where sur¬ 
gery is confraindicafed. Long-ferm use of fhis orfho¬ 
sis has been recommended for delayed union or 



Fig. 11-69. Patellar tendon-bearing brace for limiting 
weight-bearing, incorporating bivalved patellar tendon¬ 
bearing cuff closed by ski boot buckles, standard up¬ 
rights, double-stopped ankle joint, and sole plate extend¬ 
ing to the metatarsal head area. Reprinted with permis¬ 
sion from Lehmann JF. Lower limb orthotics. In: Redford 
JB, ed. Orthotics Etcetera. 3rd ed. Baltimore, Md: Williams 
& Wilkins; 1986. 
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nonunion of fractures and fusions, avascular necro¬ 
sis of the talar joint, degenerative arthritis of the 
talar or ankle joint, osteomyelitis of the os calcis, 
and sciatic nerve injury with secondary anesthesia 
that involves the sole of the foot.® The only con¬ 
traindication identified was interference of the 
orthosis with circulation in the limb. This may be 
the result of the pressure on the popliteal space 
which pushes the knee with the patellar tendon area 
against the front of the cuff, thus interfering with 
arterial circulation in the limb. 

Depending on the design, the functional leg 
length of any one of the weight-bearing orthoses 
may be increased. Compensation should be made 
with shoe lifts on the opposite side. 

Orthoses for Control of Knee Alignment 

Orthoses can be used to control common knee 
alignment problems, such as genu recurvatum, or 
valgus or varus deformity of the knee. 

Many knee cage designs are unsuitable for use 
because they slide up and down on the limb. When 
this happens, the axis of motion of the cage does 
not remain aligned with the axis of motion through 
the anatomical knee joint. As a result, forces are cre¬ 
ated between the orthoses and the knee, potentially 
damaging an already injured knee and its ligaments. 
An effective knee cage (Figure 11-70) consists of a 
plastic thigh cuff “that fits tightly above the femo¬ 
ral condyles and, therefore, prevents downward 
sliding of the orthosis. Correspondingly, the leg cuff 
is tightly pulled in below the tibial condyles to pre¬ 
vent upward riding. The two components, upper 
and lower, are connected by a knee joint that should 
be properly aligned to approximate the location of 
the anatomical knee axis of motion and may be 
polycentric to correct for any slight deviation of an 
orthotic axis from the instantaneous anatomical 
knee axis. An extension stop could be added to the 
joint to prevent hyperextension of the knee. There¬ 
fore, this design could be used for correction of genu 
recurvatum. It also provides a fairly good alignment 
of the knee and prevents valgus or varus deformi¬ 
ties. Complete immobilization of the knee could be 
achieved if the knee joint is locked. However, this 
could be achieved less expensively by a cylinder 
cast or by commercially available braces. 

If the cause for the hyperextension of the knee is 
located at the ankle, a knee cage should not be used 
to correct a genu recurvatum. Genu recurvatum is 
often due to the gastrocnemius and soleus contrac¬ 
ture with hemiplegia fixing the foot in plantar flex¬ 
ion and, therefore, creating an excessive knee ex¬ 


tension moment during the latter part of the 
stance.In this case, physical therapy should be 
used to stretch out the contracture or, if necessary, 
heel cord lengthening surgery should be performed. 
Alternatively, or in addition, a metal double upright 
AFO, with an adjustable posterior plantar flexion 
pinstop in combination with a sole plate, should be 
used. As the patient continues to ambulate, the gas¬ 
trocnemius and soleus are gradually stretched by 
adjusting the pinstop so that the foot is fixed more 
and more in dorsiflexion. 

More extensive valgus deformity of the knee, as 
it is seen in patients with rheumatoid arthritis or 
other medial collateral ligament destruction, re¬ 
quires the use of a KAFO. The alignment of the knee 
is maintained by adding a padded dial to the me¬ 
dial upright of the orthosis or extending a plastic 
cuff from below the knee medially to the knee level. 
Smith and associates® found that a single upright 
orthosis can be used when the corrective forces do 
not exceed 18 to 20 lb. With greater forces the double 
upright orthosis should be used. The maximal knee 
flexion contracture that can be successfully fitted 
with this orthosis is 15° to 20°. If any flexion-exten¬ 
sion movement is allowed at the knee, it is impor¬ 
tant that the location of the brace axis coincides as 
closely as possible with the location of the anatomi¬ 
cal axis of the knee joint, or else forces between the 



Fig. 11-70. Anterior (left) and medial (right) views of the 
genucentric knee orthosis. Reprintedwith pemission from 
Foster R, Milan! J. The genucentric knee orthosis—a new 
concept. Orthot Prosthet. 1979;33:31-44. 
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orthosis and the knee will further injure an already 
damaged knee joint. Smith and colleagues®^ found 
fhaf a well-fitted orthosis was well tolerated for pe¬ 


riods of 7 fo 48 monfhs, fhus providing profecfion 
againsf furfher deformifies of fhe knee and allow¬ 
ing fime for healing. 


CONCLUSION 


In conclusion, fhe successful applicafion of 
fhe orfhoses for fhe upper and lower exfremifies re¬ 
quires a full undersfanding of fhe funcfion of 
muscles and joinfs and the biomechanics of orfhofic 
design. Therefore, if is necessary fo examine fhe 
pafienf carefully before prescribing a customized 


orfhosis. A "shofgun" approach fo orfhosis prescrip- 
fion may lead to development of bad habifs in 
fhe pafienf, for example, as in prescribing a foof 
drop orfhosis for a sfroke pafienf while disregard¬ 
ing fhe biomechanical influence of fhe orfhosis on 
fhe knee. 
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INTRODUCTION 


Putting a sick patient to bed has long been a te¬ 
net of medical care. Illness and injury require vary¬ 
ing degrees of bed resf or immobilization to allow 
adequate healing. As our understanding of medi¬ 
cine has evolved, immobilify ifself has been found 
fo be a major contributor in hampering a patient's 
recovery. In terms of morbidify and morfalify, fhe 
consequences of immobilify are legion. Financially, 
prolonged immobilify is very cosfly, consuming a 
large percentage of each healfhcare dollar. Milifar- 

HISTORICAL 

Unfil fhe fwenfiefh cenfury, bed resf had been 
held as fhe "basic principle in fissue healing."^ Yef, 
fhe clinical imporfance of exercise as a freafmenf 
modalify was known in fhe 16fh cenfury. The Book 
of Bodily Exercise, published by Spanish physician 
Cristobal Mendez^ in 1533, presenfed a rafionale for 
fhe use of exercise in medical freafmenf. The firsf 
modern scienfific sfudy fo examine fhe effecf of 
resf on mefabolism was published in 1929 by 
Cufhberfson.^ The 1940s work of Taylor and col¬ 
leagues^ and Widdowson and McCance® on fhe con- 
fracfion of plasma volume wifh prolonged bed 
resf, spurred fhe currenf scienfific inferesf in fhe 
effecfs of immobilizafion. When space fravel 
evolved in fhe 1960s, fhe growing inferesf in fhe 
physiologic effecfs of fhe anfigravify environmenf 
furfher heightened fhe concerns abouf immobili¬ 
zafion. Hence, fhere is now a large body of knowl¬ 
edge on fhe deleferious effecfs of prolonged immo- 
bilify.®-'* 

The impacf of fhe consequences of immobiliza¬ 
fion on fhe pracfice of milifary medicine cannof be 
underesfimafed. Delay of ref urn fo dufy as a resulf 
of fhese complicafions depletes manpower and un¬ 
dermines readiness. Af fhe fime of fhe Civil War, 
fhe sfrafegy of "resf unfil healed" was in vogue. 
Regarding casualfy managemenf, liffle changed in 
subsequenf conflicfs, undoubfedly confribufing fo 
loss of manpower from fhe insidious iafrogenic 
complicafions of immobilify. During World War II, 
an appreciafion of fhe consequences of immobilify 
began fo emerge. Building on fhe early work of 
Cufhberfson® and Diefrick and colleagues^^ ob¬ 
served a reducfion in mefabolic rafe fhaf occurs 
shorfly affer immobilizafion begins. 

In 1945, Taylor and colleagues^ reporfed reduced 
blood volume in ofherwise normal young males 


ily, fhe added morbidify incurred, from confracfures 
and pressure ulcers alone, greafly prolongs fhe pe¬ 
riod of convalescence and delays or prevenfs refurn 
fo dufy. During fimes of emergency, such delays can 
pofenfially inferfere wifh fhe milifary medical mis¬ 
sion fo conserve fhe fighfing sfrengfh. Forfunately, 
awareness, scrupulous nursing care, and early re- 
habilifafion infervention can prevent or minimize 
most of fhese complicafions wifhouf placing fhe 
pafienf in jeopardy. 

BACKGROUND 

who were puf fo bed. Widdowson and McCance® 
subsequenfly confirmed fhe resulfanf decrease in 
plasma volume wifh concomifanf rises in hemaf- 
ocrif and hemoglobin. The deleferious effecfs of 
immobilify, decondifioning, and confracfures, and 
fhe imporfance of early rehabilifafion was presenfed 
in a reporf from fhe Special Exhibif Commiffee on 
Physical Medicine in 1946.^^ In fhe years following 
World War II, a large body of scienfific dafa regard¬ 
ing fhe physiologic effecfs of bed resf emerged. 
Much of fhe dafa were gafhered as a resulf of fhe 
rapid developmenf of fhe space program during fhe 
1960s.®'"'‘' 

Herfzman^® was fhe firsf fo describe fhe early 
rehabilifafion of casualfies in a combaf fheafer. His 
reporfs during fhe Viefnam War emphasized fhe 
imporfance of proper bed posifioning, early ambu- 
lafion, and early insfifufion of range-of-mofion and 
sfrengfhening exercises. Sfill, unfil fhe Persian Gulf 
War, no dafa had emerged fo indicafe fhe magni- 
fude of some of fhe complicafions of immobilify 
during warfime. 

In an analysis^^ of 222 casualfies referred fo U.S. 
Army physical medicine services during fhe Per¬ 
sian Gulf conflicf in 1991,10% had lower limb con¬ 
fracfures, 9% had upper limb confracfures, 7% had 
pressure ulcers, and abouf 38% were referred for 
sfrengfhening and range-of-mofion exercises. 
These complicafions adversely impacf fhe lengfh of 
hospifalizafion and full funcfional resforafion. 

The monefary impacf on healfhcare in fhe United 
Sfafes cannof be underesfimafed. Alfhough no dafa 
exisf regarding fofal cosfs for all fhe ramificafions 
of immobilify, fhe cosfs for hospifal based pressure 
sores atone amounf fo nearly $14 billion per year 
and an increase of inpafienf bed days by as much 
as 50% in affecfed pafienfs.^®'^® 
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PATHOPHYSIOLOGY 


Basic to understanding the effects of inacfivify 
on physiologic pofenfial is fhe definifion of func- 
fional capacify, maximum physiologic pofenfial, 
and pofenfial reserve. Koffke* defined fhese ferms 
using fhe concepfs of a person's abilify af a given 
momenf in fime vs his or her maximum capacify. 
Funcfional capacify is fhe maximum mefabolic rafe 
achievable af fhe casualfy's currenf sfafe of fram¬ 
ing. Maximum physiologic pofenfial is fhe maxi¬ 
mum mefabolic rafe achievable in fhe same subjecf 
affer a sysfemafic program of physical fraining. The 
difference befween fhese fwo levels is fhe pofenfial 
reserve. While fhe maximum physiologic pofenfial 
is fixed for a given individual, fhe funcfional ca¬ 
pacify is dynamic and is a funcfion of fhe subjecf's 
sfafe of fifness. Wifh inacfivify, fhe funcfional ac- 
fivify falls, yielding an increase in fhe pofenfial re¬ 
serve. This gap befween funcfional capacify and 
maximum physiologic pofenfial musf be closed 
when affempfing fo rehabilifafe a pafienf who has 
suffered ill effecfs from immobilify.® 

Vallbona^^ indicafed four fypes of inacfivify fhaf 
can lead fo fhe complicafions of immobilify: 

1. prolonged bed resf, 

2. resfricfed neuromuscular acfivify. 


3. mainfenance in a fixed posifion, and 

4. a sfafe of weighflessness.^^ 

The firsf fwo fypes are fhe mosf imporfanf be¬ 
cause fhey are mosf easily prevenfed. Mainfenance 
in fixed posifions may be unavoidable (such as re¬ 
pair of orfhopedic frauma), and weighflessness is 
of concern only for space fravel. 

Clinical manifesfafions secondary fo fhe effecfs 
of inacfivify can become apparenf in a maffer of a 
few days. If is known fhaf wifh absence of confrac- 
fion, a muscle will lose up fo 3% of ifs sfrengfh per 
day.^® The quadriceps and exfensors of fhe back af- 
rophy mosf rapidly, impairing ambulafion and fhe 
abilify fo climb sfairs.^^ Bed resf induces decreased 
oxidafive capacify, which can adversely effecf en¬ 
durance.^® The severify of fhese complicafions can 
be reduced. While af bed resf, sfrengfh can be main- 
fained by 20% maximum volunfary isomefric con- 
fracfions of muscle groups for 10 seconds each day.^® 
In some medical cenfers, elecfrical sfimulafion has 
been applied fo inhibif afrophy of disuse. 
Gradual progressive filling of bedbound pafienfs 
can be ufilized as necessary fo restore aufonomic 
tone and prevenf posfural hypofensive episodes 
prior fo resuming ambulafion. 


THERAPEUTIC USE OE IMMOBILIZATION 


Alfhough fhis chapfer considers fhe ill effecfs of 
unnecessary immobilify, fhere is no quesfion fhaf 
immobilizafion is fhe proper freafmenf of many 
condifions. The mosf imporfanf of fhese is orfho¬ 
pedic frauma. Affer fhe selling of broken bones, re¬ 
sfricfed mofion is required for bone healing posffrac- 
fure. The immobilizafion should be resfricfed fo fhe 
smallesf period required fo ensure adequafe sfabili- 
zafion, wifh an eye foward remobilizafion as early as 
fhe freafing orfhopedisf deems safe. Anofher impor¬ 
fanf example of fhe proper use of immobilizafion is 
fhe inflamed join!. An acufely inflamed join!, such 
as in rheumafoid arfhrifis, should be resfed during 
periods of acufe inflammafion. In osfeoarfhrifis. 


fhere is no inflammafory componenf, fhus fhere is 
no confraindicafion for mobilizafion. 

A long-sfanding area of confroversy is fhe dura- 
fion of needed bed resf for a pafienf who is suffer¬ 
ing from uncomplicafed acufe back pain wifhouf 
neuromofor deficifs. There have been many sug¬ 
gested answers fo fhis quesfion, buf a recenf sfudy^® 
has shown fhaf fhe shorter periods of immobiliza¬ 
fion resulf in beffer oufcomes. Objecfive research^^ 
suggesfs fhaf fhe opfimum period of resf should be 
no longer fhan 48 hours. Resf beyond fhis does nof 
produce addifional reducfion in pain or beffer clini¬ 
cal oufcome, buf rafher, confribufes fo furfher 
muscle weakening. 


MANAGEMENT OE THE EEEECTS OE INACTIVITY ON ORGAN SYSTEMS 


Musculoskeletal System 

There is considerable loss of sfrengfh when a 
muscle is puf af resf. This occurs even wifh rela- 
fively shorf periods of immobilify. Muller^® has 


shown fhaf wifh each day of bed resf fhere is as 
much as 3% loss of muscle sfrengfh, or up fo 20% 
loss of residual sfrengfh per week of immobiliza¬ 
fion. Lower exfremify muscles lose fheir sfrengfh 
abouf fwice as fasf as upper exfremify muscles.^® 
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This means that there can be as much as a 50% loss 
of muscle strength in as little as 3 weeks of bed resf. 
Unforfunafely, subsequenf recovery of sfrengfh pro¬ 
ceeds af a much slower pace. Once immobilizafion 
has ceased, fhe mosf rapid rafe of sfrengfh recov¬ 
ery is approximafely 10% per week.“ Thus, if is far 
more efficienf fo prevenf loss of sfrengfh second¬ 
ary fo immobilizafion. Prevenfion will have impor- 
fanf ramificafions on fhe speed af which injured 
soldiers can be refurned fo dufy. 

Ultra structural Changes in Muscle 

Sfrucfural changes occur in muscle fissue fhaf has 
been immobilized. The confracfile properfies of 
muscle are adversely effecfed by immobilizafion. 
Davies and associafes^^ showed fhaf fhe mean fime 
fo peak fension and fhe half relaxafion fime in¬ 
creased significanfly wifh 3 weeks' immobilizafion 
of fhe friceps surae. Maximal volunfary confracfion 
force was reduced. This was associafed wifh a 10% 
decrease in muscle cross-secfional area. Maximal 
fension and confracfion fimes recovered wifhin 2 
weeks following removal of fhe long leg casf. Sale 
and colleagues^® found fhaf affer 5 weeks of immo¬ 
bilizafion of human fhenar muscles fhere was an 
average 42% reducfion in maximum volunfary con¬ 
fracfion force. Likewise, Duchafeau and Hainauf^® 
found fhaf 6 weeks of immobilizafion of fhe adduc¬ 
tor pollicis brevis muscle caused a 55% reducfion 
in maximum volunfary confracfion force. This cor- 
relafed wifh a 19% increase in durafion, 15% de¬ 
crease in amplifude, and 26% decrease in area of 
fhe compound muscle acfion pofenfial recorded 
from fhe surface. 

Liferafure regarding fiber fype afrophy in immo¬ 
bilizafion is conflicfing. Haggmark ef aP“ invesfi- 
gafed muscle biopsies faken from fhe quadriceps 
of pafienfs immobilized in long leg plaster casfs and 
found a selecfive slow fwifch muscle fiber afrophy 
wifh reduced cross-secfional area and reduced oxi- 
dafive enzyme acfivify in slow fwifch fibers. In his 
review of muscular afrophy following immobiliza¬ 
fion, AppelP^ indicafed fhaf slow fwifch muscles 
wifh predominanfly oxidafive mefabolisms are 
mosf suscepfible fo afrophy. The rafe of protein syn- 
fhesis is reduced and cafabolism is increased. How¬ 
ever, in independenf sfudies, Sirca and Susec- 
Michieli®^ and Robinson and colleagues®® found fhaf 
in pafienfs wifh osfeoarfhrifis, fhere was a selecfive 
afrophy of fasf fwifch muscle fibers. This afrophy 
was inferprefed as a direcf consequence of de¬ 
creased muscular acfivify. 


Duchafeau and Hainauf®'* showed fhaf fhe immo¬ 
bilized muscle produced more high fhreshold mo¬ 
tor unifs fhan fhe confrol muscle. The order of re- 
cruifmenf was mainfained, however, in accordance 
wifh fhe size principle of Henneman.®® The motor 
unif firing rafe af recruifmenf was unchanged, buf 
maximum firing rafe was reduced. This reducfion 
was found fo be greafesf in low fhreshold unifs. 
Serra and colleagues®'’ found fhaf elecfromyo- 
graphic (EMG) specfral analysis was altered in pa¬ 
fienfs who susfained muscle afrophy secondary fo 
immobilizafion, compared fo confrols. Thus, fhere 
is fhe pofenfial for elecfrophysiologic evaluafion of 
muscular afrophy secondary fo immobilizafion. 

The besf sfrafegy fo prevenf muscular afrophy 
due fo immobilizafion is fo limif fhe immobiliza¬ 
fion only fo fhe region of fhe body in which if is 
absolufely required, and fo make fhe period of im¬ 
mobilizafion as brief as possible. In fhe immobilized 
pafienf, an exercise program should sfill be imple¬ 
mented fo refard afrophy. A 30% maximum volun¬ 
fary isomefric confracfion (MVC) for 5 seconds each 
day is sufficienf fo prevenf disuse afrophy.®® Alfer- 
nafively, a 50% MVC for 1 second each day will also 
prevenf disuse afrophy. 

Vallbona®^ recommends a daily program where 
fhe supine pafienf applies pressure wifh fhe feef 
againsf a foofboard for 5 seconds, relaxing for 10 
seconds, and repeafing fhis cycle fhree addifional 
fimes.This maneuver requires confracfion of mosf 
muscle groups of fhe legs and back. This should nof 
be performed in pafienfs wifh unsfable spines, how¬ 
ever. To exercise fhe upper exfremifies, a similar 
roufine can be employed by having fhe pafienf ex¬ 
tend fhe arms and make a sfrong grip acfion. This 
can be done wifh or wifhouf a hand roll. 

The role of elecfrical sfimulafion in prevenfing 
afrophy from immobilizafion is confroversial, and 
findings reporfed in liferafure are conflicfing. 
Eriksson's®^ group found fhaf infermiffenf elecfri¬ 
cal sfimulafion for up fo 5 weeks did nof cause any 
significanf changes in enzymafic acfivifies, muscle 
fiber characferisfics, or mitochondrial properfies, 
buf did resulf in improvemenfs in muscle sfrengfh 
comparable fo fhe resulfs of a program of volun¬ 
fary exercise. More recenfly, Gibson and colleagues®® 
examined fhe effecf of percufaneous elecfrical 
sfimulafion in prevenfing muscle afrophy second¬ 
ary fo immobilizafion, by measuring quadriceps 
mass, composifion, and rafe of profein synfhesis in 
seven males wifh fibial fracfures who were immo¬ 
bilized in long leg casfs for 6 weeks. The resulfs 
were compared fo 14 ofhers wifh similar injuries 
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who did not receive electrical stimulation. In those 
not receiving electrical stimulation, quadriceps 
cross-sectional area (measured by ultrasonography) 
fell by a mean of 10%, and fhe rafe of profein syn- 
fhesis was 10% lower fhan in fhe confrol group. In 
confrasf, fhose who received elecfrical sfimulafion 
showed no significanf difference in muscle cross- 
secfional area or profein synfhesis vs fhe confrol 
group. 

The impacf of elecfrical sfimulafion on muscle 
profein mefabolism has also been shown by 
Boulefreau and colleagues.®* They demonsfrafed a 
reducfion in urinary excrefion of nifrogen, creafi- 
nine, and 3-mefhyl hisfidine in infensive care pa- 
fienfs who received infermiffenf muscular elecfrical 
sfimulafion. In a comparison of fhe effecf of isomef- 
ric exercise vs isomefric exercise wifh elecfric sfimu¬ 
lafion on refarding quadriceps afrophy, Arvidsson 
and colleagues®® found fhaf fhere was no difference 
befween fhe fwo mefhods in males, buf in females, 
fhe resulfs favored elecfrical sfimulafion. The 
degree of afrophy was defermined by use of com- 
pufed fomography. In a sfudy of fhe effecfs of elec¬ 
frical sfimulafion on fhe quadriceps during posf- 
operafive knee immobilizafion, Morrissey ef al^” 
found fhaf fhe decrease in isomefric quadriceps 
forque resulfing from immobilizafion could be 
signifi-canfly lessened by applying elecfrical sfimu¬ 
lafion during fhe period of immobilizafion. How¬ 
ever, if was found nof fo significanfly alfer fhigh 
circumference changes fhaf occurred during immo¬ 
bilizafion. 

Gould and colleagues'*® compared fhree freafmenf 
regimens designed fo prevenf afrophy of normal 
fhigh and calf muscles immobilized in a long leg 
casf. One freafmenf group received nonisomefric 
exercise, fhe second received isomefric exercise, and 
fhe fhird received elecfrical sfimulafion. In fhe 
elecfrosfimulafed group, muscle afrophy was one 
half fhaf of fhe exercise group in fhe fhigh and one 
fiffh fhaf of fhe ofher fwo groups in fhe calf. 

In a subsequenf sfudy, Gould ef aT® compared 
isomefric quadriceps exercise fo elecfrical sfimula¬ 
fion in a group of 20 pafienfs who underwenf open 
meniscecfomy. The elecfrical sfimulafion applied 
was a fefanizing, 5-second confracfion fo fhe quad¬ 
riceps approximafely 400 fimes per day. The elec- 
frically sfimulafed group had a significanfly re¬ 
duced loss of quadriceps muscle volume and 
sfrengfh, had reduced posfoperafive knee swelling, 
required less pain medicafion, had a greafer range 
of knee mofion, and group members were able fo 
walk earlier wifhouf crufches. Buckley and col¬ 


leagues®® applied elecfrical sfimulafion fo major 
lower exfremify muscle groups in four paraplegic 
pafienfs. Elecfrical sfimulafion fo achieve fefanic 
confracfions was applied 15 seconds ouf of each 
minufe for 10 hours per day over 3 weeks. Alfhough 
fhe sfimulafion produced significanf growfh of 
fhigh and calf muscles, no significanf changes in 
nifrogen balance or phosphafe balance could be 
idenfified. 

Based on fhese recenf sfudies,®® ®®'^® if appears fhaf 
elecfrical sfimulafion is of pofenfial benefif in mini¬ 
mizing immobilizafion afrophy when immobiliza¬ 
fion is resfricfed fo a specific anafomic region (such 
as abouf fhe knee). A reasonable profocol is fo pro¬ 
vide 5 fo 15 seconds of fefanizing elecfrical sfimu¬ 
lafion fo fhe muscle or muscles of inferesf per 
minufe for 8 fo 10 hours per day. If is nof pracfical 
fo apply elecfrical sfimulafion fo all major muscle 
groups of fhe body for fhe pafienf on bed resf, and 
if is nof a subsfifufe for isomefric exercise. 

Contractures 

During immobilizafion, fhe balance befween col¬ 
lagen synfhesis and degradafion is alfered, resulf¬ 
ing in a progressive shorfening of connecfive fis- 
sue around joinfs wifh confracfure formafion and 
loss of range of mofion.®® A muscle immobilized in 
a shorfened posifion for 1 week will show confrac¬ 
fion of fhe muscle belly wifh subsequenf remodel¬ 
ing of loose connecfive fissue info dense connec¬ 
five fissue.®® In addifion, immobilizafion of a muscle 
in a shorfened posifion can exacerbafe immobiliza¬ 
fion afrophy.®® If immobilizafion is necessary, fhe 
joinf should be mainfained in a neufral posifion in 
order fo keep agonisf and anfagonisf muscles af 
equal lengfhs and fensions.®® The clinical impacf of 
confracfure formafion resulfs in impaired range of 
mofion, mobilify, and abilify fo perform acfivifies 
of daily living. 

In a sfudy®® of Persian Gulf War casualfies re¬ 
ferred for physiafric evaluafion, 10% had lower limb 
confracfures compared wifh 9% in fhe upper ex¬ 
fremify. These confracfures could have been due fo 
immobilizafion for fracfure healing, peripheral 
nerve injuries, or lack of early infervenfion wifh 
range-of-mofion exercises. If is unclear whefher, or 
fo whaf exfenf, fhese confracfures could have been 
prevenfed. Haher and colleagues®® have shown fhaf 
flexion confracfures inferfere wifh fhe healing of 
pressure sores, providing furfher evidence fhaf fhe 
complicafions of immobilify are addifive and can 
inferacf fo furfher hinder recovery. 
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There are three basic forms of confracfure^®*P^“*: 

1. soff fissue (skin, subcufaneous fissue, fen- 
dons, and ligamenfs); 

2. myogenic (muscle); and 

3. arfhrogenic (fibrosis and ankylosis of joinf 
capsule). 

Soff fissue confracfure resulfs from progressive 
shorfening of connecfive fissue around joinfs wifh 
confracfure formafion and loss of range of mofion.^^ 
The soff fissue sfrucfures include skin, subcufane¬ 
ous sfrucfures, fendons, and ligamenfs. Myogenic 
confracfures resulf when a muscle is immobilized 
in a shorfened posifion wifh confracfion of fhe 
muscle belly and subsequenf remodeling of loose 
connecfive fissue info dense connecfive fissue^®; 
and, as will be discussed below, immobilizafion of 
a muscle in a shorfened posifion can exacerbafe 
immobilizafion afrophy.^'^ Arfhrogenic confracfures 
resulf from capsular fibrosis and ankylosis of joinfs. 

Range-of-Motion Therapy 

The mosf imporfanf managemenf sfrafegy is 
preservafion of range of mofion by moving each 
joinf (eifher passively, wifh assisfance, or acfively) 
fhrough ifs full range of mofion 3 fo 5 fimes af a 
minimum of fwice a daj.*^ The addifional sfeps fhaf 
can be employed fo prevenf confracfures in fhe pa- 
fienf af bed resf or one unable fo acfively move an 
exfremify include proper posifioning in fhe bed.^^ 

Simple sfeps fo mainfain neufral anafomic posi¬ 
fion when fhe pafienf is in bed and nof undergoing 
range-of-mofion fherapy should be employed. A 
firm maffress wifh solid supporf is recommended 
fo reduce hip flexion. Sfarfing af fhe foof, a 
foofboard or boof should be used fo mainfain ankle 
posifion in neufral. Because of gravify and fhe facf 
fhaf fhe posferior comparfmenf of fhe leg is sfron- 
ger fhan fhe anferior comparfmenf, planfar flexion 
confracfures of fhe ankle are all too common, par- 
ficularly if spasficify is presenf. Trochanferic rolls 
will assisf in prevenfing exfernal rofafion of fhe hip. 
Prone lying should be encouraged for af leasf one 
half hour per 8-hour shiff as an addifional measure 
fo prevenf hip flexion confracfures, as well as fo give 
pressure relief. Periodic side lying, alfernafing be- 
fween leff and righf every 2 hours, will allow for 
knee and hip flexion. 

The superior exfremifies should be supporfed 
wifh pillows. Posifioning of fhe upper exfremifies 
should also alfernafe af leasf every 2 hours among 
fhree basic posifions: 


1. shoulder abducfed and exfernally rofafed 
wifh elbow flexed and forearm pronafed, 

2. shoulder abducfed and infernally rofafed 
wifh elbow flexed and forearm pronafed, 
and 

3. shoulder adducfed wifh elbow exfended 
and forearm supinafed. 

There are fwo basic wrisf and hand posifions fo 
provide for alfernafing flexion and exfension. A 
hand roll can be used fo allow flexion of fhe wrisf 
and hand and, if needed, a wrisf hand orfhosis can 
be used fo mainfain fhe wrisf and hand in exfen¬ 
sion. Exfension and flexion should be alfernafed af 
leasf every 4 hours. If musf be remembered fhaf 
fhese posifioning sfrafegies are adjuncfs fo, buf nof 
subsfifufes for, an adequafe range-of-mofion pro¬ 
gram. 

Diathermy 

When confracfure af a joinf is presenf, use of pro¬ 
longed sfrefch wifhin fhe limifs of pain and wifhouf 
fearing of fissues has proven effecfive, parficularly 
when combined wifh diafhermy.^® “ As described 
above, confracfures can resulf from shorfening of 
soff fissue sfrucfures, remodeling of muscle fissue, 
and fibrosis of joinf capsules. The effecfiveness of a 
sfrefching regimen will be enhanced fhrough use 
of diafhermy. 

Diafhermy is deep heafing of biologic fissue. 
Heafing of connecfive fissue fo 41 °C fo 45°C causes 
molecular changes in collagen fhaf resulf in in¬ 
creased exfensibilify.®^ Superficial heafing modali- 
fies such as heaf packs, whirlpool, and radianf heaf 
lamps do nof provide sufficienf femperafure eleva- 
fions in muscle and pericapsular sfrucfures fo ef- 
fecfively alfer collagen exfensibilify.^®'®^ 

Available deep heafing mefhods include shorf- 
wave diafhermy, microwave diafhermy, and ulfra- 
sound diafhermy. Of fhese modalifies, ulfrasound 
diafhermy is fhe mosf commonly ufilized and 
widely available. Ulfrasound has fhe advanfage 
over fhe ofher fwo diafhermy mefhods in fhaf fhe 
equipmenf is much more porfable, and ifs depfh of 
penefrafion is superior. Bofh shorf-wave and mi¬ 
crowave diafhermy applicafions rely on conversion 
of elecfromagnefic radiafion info heaf in fhe fissues 
and will resulf in fherapeufic femperafure eleva- 
fions af a depfh up fo 3 cm below fhe skin surface. 
Alfhough fhis is sufficienf for adequafe warming 
in superficial muscles and joinfs, such as fhe hand, 
if does nof provide for fherapeufic femperafure el- 
evafions in deeper sfrucfures, parficularly fhe hip.®^ 
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Ultrasound utilizes the reverse piezoelectric ef¬ 
fect by applying high frequency alfernafing currenf 
fo a crysfal, fhereby producing acousfic vibrafions 
fhaf are converfed fo heaf energy when absorbed 
by biologic fissues. Ulfrasonic energy is selecfively 
converfed fo heaf energy af differenf fissue infer- 
faces. Bone absorbs approximafely 10-fold as much 
acousfic energy as muscle, which energy is fhen 
conducfed fo fhe surrounding fissues.®^ For fhis rea¬ 
son, ulfrasound is a very effecfive modalify for 
achieving fherapeufic femperafure elevafions in 
confracfed joinf capsules. Ulfrasonic frequencies 
used in diafhermy are on fhe order of 1 MHz, and 
ulfrasonic infensify is expressed in W/cm^. To 
achieve fherapeufic femperafure elevafions in deep 
fissues, fhe oufpuf of fhe insfrumenf should be able 
fo affain an average of 4 W/cm^.®° 

The applicafion of ulfrasound diafhermy requires 
fhe use of a coupling medium or gel fo fransmif fhe 
acousfic energy info fhe fissue and nof reflecf if info 
fhe surrounding environmenf. To prevenf fhe oc¬ 
currence of hof spofs and fo provide uniform heaf- 
ing, fhe applicafor is moved confinuously in mulfiple 
planes (sfroking fechnique) abouf fhe confracfure for 
10 fo 12 minufes. This should be concurrenf wifh, or 
immediafely followed by, passive sfrefching fo fake 
advanfage of fhe exfensibilify of fhe collagen. Do- 
simefry is defermined by pafienf response fo fhe 
infernal heafing, and oufpuf should be immediafely 
reduced if fhe pafienf complains of pain. Therefore, 
fhe pafienf's nocicepfive abilifies musf be assessed 
prior fo inifiafing freafmenf. Confraindicafions fo 
applicafion of ulfrasound diafhermy fherapy in¬ 
clude®^ (fl) applicafion fo anesfhefic regions, (b) ap¬ 
plications over regions of vascular insufficiency, (c) 
applicafion over cemenfed joinf prosfheses, (d) ap¬ 
plicafion over malignanf fumors, (e) applicafion 
over fhe hearf, (/) applicafion fo fhe eyes, and (g) 
applicafion fo fhe pregnanf uferus. When applying 
if over mefallic implanfs, caufion musf be faken due 
fo selecfive heafing. 

A nonfhermal consequence of ulfrasound appli¬ 
cafion fo biologic fissues is fhe risk of cavifafion. 
Cavifafion refers fo fhe formafion and oscillafion 
of gas bubbles wifhin fhe fissues experiencing ul¬ 
frasonic energy; fhese gas bubbles may subse- 
quenfly coalesce and collapse, resulfing in fissue 
damage. The risk of cavifafion is minimized wifh 
infensify outpufs of under 4 W / cm^ when a sfroking 
fechnique is employed. An addifional, nonfhermal 
consequence of applying ulfrasound is fhe produc- 
fion of sfanding waves fhaf can resulf in blood cell 
aggregafes and sfasis of blood flow.®^ Again, fhis 
can be avoided if fhe sfroking fechnique is used. 


Splinting 

The major goals of splinfing are fo assisf, resisf, 
align, and simulafe funcfion.®® Thus, for susfained 
sfrefch or mainfenance of neufral posifion, splinf¬ 
ing is useful. The splinfing may be sfafic or dy¬ 
namic. Dynamic splinfing has fhe advanfage of al¬ 
lowing fhe pafienf fo perform acfive range-of-mofion 
exercises while mainfaining fhe desired posifion- 
ing when af resf. The splinf ifself can prevenf sec¬ 
ondary confracfure. Serial casfing can be parficu- 
larly useful in mainfaining susfained sfrefch fo 
reduce confracfure.“ As gains are made, fhe casf can 
be reformed fo adjusf fo fhese gains so fhaf sus¬ 
fained sfrefch is mainfained. By bivalving fhe casf 
if can be removed for fherapy, exercise, and inspec- 
fion for areas of excess skin pressure. 

Confinuous passive mofion (CPM) machines 
have been used for early mobilizafion of joinfs in 
bofh lower and upper exfremifies in fhe early 
posfoperafive period.Joinfs are mechanically 
ranged wifhouf pafienf efforf. A predefermined joinf 
range of mofion can be applied passively af a slow 
confinuous rafe fo prevenf soff fissue confracfure and 
mainfain joinf homeosfasis and nufrifion. During 
fhe firsf few days posfoperafively, fhe CPM machine 
is applied for up fo 12 hours per day. Ifs use is gen¬ 
erally resfricfed fo joinfs fhaf have been operafed 
upon and if is impracfical in many sifuafions be¬ 
cause fhe device is cumbersome. Pafienf mobilify 
is resfricfed while fhe CPM machine is in use. 

Whefher fhrough manual or mechanical means, 
early mobilizafion is fhe mainsfay of confracfure 
prevenfion. Once formed, confracfures are diffi- 
culf fo overcome and require infensive fherapy fo 
reverse. 

Immobilization Osteoporosis 

Bone homeosfasis is alfered during immobiliza- 
fion. Immobilizafion in plasfer, by bed resf, and fhe 
weighfless sfafe can all resulf in defecfable deminer- 
alizafion.® '’^ The bony changes of disuse osfeoporo- 
sis may mimic neoplasfic disease, parficularly my¬ 
eloma.® Acufe osfeoporosis has been shown fo 
occur following immobilizafion and is relafed fo an 
increase in osfeoclasfic bone resorpfion.®'® In less 
fhan 10 days of immobilizafion (bed resf), fhere is 
an increase in urinary excrefion of hydroxyproline, 
a necessary building block for bone remodeling and 
mainfenance.® Similarly, fhere is up fo a four-fold 
rise in urinary glycosaminoglycans following im¬ 
mobilizafion.® An associafed increase in serum cal¬ 
cium and phosphafe is observed as well. Serum 
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1,25-dihydroxyvitamin D decreases significantly 
during immobilization, reaching its nadir at the end 
of 1 week. This can lead to a local reduction in bone 
mass. There is potential for recovery during the 
early phase of immobilization, but this ability to 
recover may be lost after 6 months of immobility.®^ 
Minaire®^ points out in his review of immobiliza¬ 
tion osteoporosis that the cumulative effect of re¬ 
peated periods of immobilization in promoting os¬ 
teoporosis remains hypothetical. 

Mechanical stress is an important factor in the 
maintenance of normal cortical bone remodeling. 
Immobilization is characterized with reduced os¬ 
teon densities and cross-sectional area, and with an 
observed decrease in radiologic density in long 
bones.®®'®^ Vico and colleagues^" have shown that in 
rats exposed to 5 days of zero gravity, there is an 
increase in the number of osteoclasts per square 
millimeter of trabecular bone.®" Lips and associates'^ 
evaluated degrees of mobility and parameters of 
bone turnover in 70 nursing home residents. An 
increased urinary excretion of hydroxyproline and 
a decrease in serum 1,25-dihydroxyvitamin D con¬ 
centrations were observed, indicating that lower 
mobility leads to higher bone resorption, which may 
suppress formation of 1,25-dihydroxyvitamin D. 

Bone loss may be averted and potentially re¬ 
versed by maintaining physical activity.Primary 
prevention of immobilization osteoporosis is based 
on exercise, particularly loading of bone intermit¬ 
tently through the day.®^'^^'^^ However, the type, in¬ 
tensity, duration, and frequency of the exercise has 
not been determined according to recent literature.®^ 
Weight bearing should be initiated early during the 
period of immobilization in order to prevent or 
possibly reverse osteoporosis. 

Drug trials to reverse or prevent osteoporosis 
secondary to immobilization have shown promise. 
Administration of 100 International Units (Medical 
Research Council, London, England) of salmon cal¬ 
citonin daily, if initiated within the first 2 weeks of 
immobilization, may retard bone loss and can be 
effective in preventing or treating immobilization 
induced hypercalcemia.®^ Recent clinical research^®"^" 
has centered on antiosteoclastic agents, particularly 
the bisphosphonates. In a trial to observe the effect 
of diphosphonate EHDP (disodium ethane-l-hy- 
droxy-1,1-diphosphonate) on bone mineral metabo¬ 
lism, Lockwood and colleagues®" evaluated low- 
and high-dose regimens in four healthy young male 
subjects placed on bed rest for 20 weeks. At the high 
dose (20 mg/kg/d) there was some decrease in uri¬ 
nary hydroxyproline excretion and in the rate of 
bone resorption. 


Chappard and associates®^ evaluated the effect 
of the bisphosphonate (1-hydroxy ethylidene-1,1 
bisphosphonic acid) on osteoclast number during 
prolonged bed rest (120 days) in 15 healthy subjects. 
Insignificant bone loss and a marked reduction in 
osteoclast number were observed. Recently, etidro¬ 
nate disodium (disodium diphosphonate) has been 
found to increase bone mineral density in post¬ 
menopausal osteoporosis. Cyclic, low doses of 
etidronate have been successfully used in multiple 
studies.The regimen is 400 mg/d given over 2 
weeks followed by 13 weeks off the medication. This 
15-week cycle is then repeated.Addition of phos¬ 
phates provided no additional benefit.^®'^" 

Miller and associates'^ compared the effective¬ 
ness of cyclic etidronate vs both fluoride and estro¬ 
gen in postmenopausal osteoporotic women. All 
three groups had gains in bone mineral density over 
the 2-year treatment period, but to varying degrees. 
Sixteen percent gains were observed in the etidro¬ 
nate and fluoride treated groups and a 5% gain was 
observed in the estrogen treated group. Etidronate, 
however, was found to be very well tolerated, and 
superior to fluoride, given the latter's side effect 
and toxicity profile,and was deemed superior 
to giving supplemental calcium and vitamin 
Calcium supplementation is probably only neces¬ 
sary in postmenopausal patients whose calcium 
intake is less than 400 mg/d.®^ Whether this regi¬ 
men will prevent or reverse immobilization os¬ 
teoporosis remains to be established. 

Clodronate, an investigational antiosteoclastic 
drug, has shown promise in a recent trial compar¬ 
ing its efficacy in preventing demineralization and 
resorptive hypercalcemia against etidronate and 
calcitonin.®^ Oral clodronate was found to be supe¬ 
rior to etidronate and equally effective as calcitonin. 

Currently, there are no satisfactory medications 
that absolutely prevent immobilization osteoporo¬ 
sis. The best way to prevent this complication is 
daily weight bearing when possible and stressing 
bones through exercise. 

Nervous System 

Nervous system manifestations of immobiliza¬ 
tion are many. They include sensory, motor, auto¬ 
nomic, central, and psychologic factors. Sensory 
deprivation in immobilized patients has been asso¬ 
ciated with altered perception of sensory input. ^^'®® 
This can result in lowered threshold to painful 
stimuli. 

Orthostasis as a result of autonomic nervous sys¬ 
tem compromise stemming from immobilization is 
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a known complication. This is discussed in more 
detail in the cardiovascular section that follows. 
Other autonomic nervous system functions can be 
adversely effected or exacerbated by immobiliza¬ 
tion. The course of reflex sympafhefic dysfrophy, 
fhough nof occurring direcfly as a resulf of immo- 
bilizafion, can be influenced adversely by immobi- 
lizafion. The painful limb involved is nof acfively 
moved by fhe pafienf due fo fhe sympafhefically 
medicafed pain, and subsequenfly undergoes vary¬ 
ing degrees of disuse afrophy and confracfure. 

Lagier and Van Linfhoudf“ reporfed fwo cases 
of reflex sympafhefic dysfrophy involving fhe foof, 
in which arficular changes occurred. The abnorm- 
alifies included superficial pannus, erosions, and 
fibrous and bony ankylosis, condifions fhaf can 
be resolved only fhrough range-of-mofion and 
sfrengfhening programs. Pafienf folerance of fhese 
programs will defermine fhe ulfimafe success of 
rehabilifafion. Various physical, medical, and sur¬ 
gical procedures have been employed fo alleviafe 
pain and allow ranging and sfrengfhening fo pre- 
venf and reverse fhese complicafions of immobil- 
ify. These infervenfions range from confrasf bafhs 
and desensifizafion wifh various fexfures, fo sym- 
pafholyfic medicafions and blockades, and surgi¬ 
cal sympafhecfomies. Defailed freafmenf of reflex 
sympafhefic dysfrophy is beyond fhe scope of fhis 
chapfer. The reader is referred fo fhe excellenf re¬ 
view by Schwarfzman and McLellan.*® 

Unlike fhe aufonomic nervous sysfem, fhe effecf 
of immobilizafion on fhe funcfion of fhe peripheral 
nervous sysfem is nof so clear. Whefher an increased 
risk of peripheral neuropafhy resulfs as a conse¬ 
quence of immobilify has nof been demonsfrafed 
in fhe recenf liferafure. Malafhi and Bafmanabane“ 
demonsfrafed a reducfion in fhe mean axon diam- 
efer in large myelinafed fibers of fhe fibial nerve in 
cafs fhaf was direcfly proporfional fo fhe durafion 
of immobilizafion. Prolonged immobilizafion of 
more fhan 8 weeks caused spliffing of fhe myelin 
lamellae and collagen replacemenf. Marciniak®^ in- 
vesfigafed fhe effecf of immobilizafion on nerve 
ferminals in birds and found reduced numbers of 
synapfic vesicles and mifochondria. Marciniak re- 
porfed fhaf prolonged immobilizafion produced 
fragmenfafion of axonal endings wifh resorpfion by 
Schwann cells. Robinson and colleagues^^ demon¬ 
sfrafed slower axonal conducfion velocifies in im¬ 
mobilized limbs of fhe caf. 

Impaired neural confrol emanafing from fhe cen- 
fral nervous sysfem (CNS) has been described by 
Haines.®* Balance and coordinafion can be adversely 
affecfed independenfly from muscular weakness.*® 


Dupui and colleagues®® found fhaf 30 days of bed 
resf induced sensorimofor changes fhaf resulfed in 
impaired balance and gaif performance. Gaif alfer- 
afions included decreased sfep lengfh, walking ve- 
locify, and sfabilify. Seizures secondary fo immobi¬ 
lizafion hypercalcemia have been reporfed, and fhis 
is discussed in greafer defail in fhe secfion on fhe 
effecfs of immobilizafion on fhe endocrine and 
mefabolic sysfems. 

The associafion of immobilify wifh demenfia has 
recenfly been invesfigafed. Selikson and associafes®^ 
examined fhe risk facfors associafed wifh immobil¬ 
ify in 34 nonambulafory pafienfs. Facfors associafed 
wifh immobilify are confracfures, severe demenfia, 
poor vision, and history of fracfures. Facfors nof 
associafed wifh immobilify include age, osfeoarfhri- 
fis, mild fo moderafe demenfia, weigh! gain, and 
medicafions. The effecf of immobilizafion on fhe 
developmenf or exacerbafion of demenfia was nof 
addressed. Infellecfual embarrassmenf, including 
impaired orienfafion and concenfrafion, has been 
shown fo occur wifh immobilizafion wifhin days.®^ 

Psychologic disfurbances resulf as a consequence 
of immobilizafion and fhe affendanf reduced sen¬ 
sory sfimulafion.** This may manifesf as increased 
anxiefy and be expressed as hosfilify, worry, 
jifferiness, fearfulness, insomnia, depressed mood, 
and feelings of hopelessness.®* The immobilized 
pafienf is af risk for clinical depression and fhe cli¬ 
nician should be aware of ifs manifesfafions, which 
include fhe presence of af leasf five of fhe follow¬ 
ing for af leasf 2 weeks, represenfing a change from 
previous funcfioning®^: 

• depressed mood 

• poor appefife or overeafing 

• insomnia or hypersomnia 

• low energy or fafigue 

• loss of inferesf or pleasure 

• poor concenfrafion or difficulfy making 
decisions 

• feelings of worfhlessness 

• psychomofor agifafion or refardafion 

• recurrenf fhoughfs of deafh or suicide 
ideafion. 

All of fhese facfors can adversely effecf morale and 
mofivafion fo parficipafe in rehabilifafion, and 
fhereby prolong fhe period of immobilizafion and 
reinforce ifs negafive effecfs.®* ®^ 

Prevenfion and managemenf depend on mini¬ 
mizing fhe period of immobilizafion and, during 
fhaf required period, providing adequafe sensory 
sfimulafion from fhe environmenf. Pafienfs should 
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be positioned such that they may interact with their 
surroundings, particularly with fellow patients and 
the clinical staff. Pafienfs who have suffered CNS 
injury, such as righf hemisphere sfroke, and have 
resulfanf leff neglecf should inifially be posifioned 
so fhaf fhe righf side faces fhe acfivify of fhe sur¬ 
roundings as a means of minimizing sensory dep- 
rivafion. As soon as feasible, pafienfs should be 
given cognifive fasks, bofh fo mainfain menfal agil- 
ify and as a form of inferacfion and recreafion. Ex¬ 
amples include puzzles, games, books, and models 
fo build. Emofional supporf and psychological 
counseling need fo be available fo fhese pafienfs, 
parficularly if fhe period of immobilify is fo be pro¬ 
longed or is associafed wifh concomifanf cafa- 
sfrophic illness. 

Endocrine and Metabolic Systems 

There are multiple endocrine and metabolic de¬ 
rangements that occur as a result of immobilify.“ 
Mefabolic rafe becomes reduced wifhin days of 
immobilizafion and may persisf for several weeks 
affer remobilizafion.®'”'^® Elecfrolyfe homeosfasis is 
alfered in immobilify such fhaf fhere are increased 
losses of calcium, sodium, pofassium, phosphorus, 
sulfur, and nifrogen.®® ” The negafive nifrogen bal¬ 
ance reflecfs a sfafe of increased profein cafabolism 
fhaf overfakes profein synfhesis.®® 

Alfhough profound hypercalcemia is rarely as¬ 
sociafed wifh immobilizafion, elevafed parafhyroid 
hormone levels have occurred in associafion wifh 
immobilizafion.'™ Henke and colleagues'”' reporfed 
a case of a 13-year-old boy who developed hyper¬ 
calcemia 1 monfh affer a femoral fracfure and pre- 
senfed wifh progressive anorexia, nausea, vomif- 
ing, irrifabilify, and respirafory arresf as a resulf. 
Weissman and colleagues'™ reporfed a case of un¬ 
explained infermiffenf hypercalcemia in a crifically 
ill pafienf who was fhoughf fo be influenced by 
immobilizafion. Alfhough fhe issue of immobiliza¬ 
fion was nof specifically addressed, Forsfer and 
associafes'™ reporfed a 15% incidence of hypercal¬ 
cemia in 100 crifically ill pafienfs who had a longer 
fhan average lengfh of sfay (greafer fhan 12 days) 
in fhe infensive care unif (ICU). 

The mechanism of immobilizafion-induced hy¬ 
percalcemia is a resulf of enhanced regional blood 
flow in fhe bone and increased osfeoclasfic acfiv¬ 
ify. “ Vico and colleagues^” showed fhaf in rafs ex¬ 
posed fo weighflessness for as liffle as 5 days, fhe 
number of osfeoclasfs per square millimefer in fra- 
becular bone is significanfly increased. Suppression 
of fhe increased osfeoclasfic acfivify wifh fhe resulf¬ 


anf increased bone furnover and hypercalcemia is 
fhe rafionale for freafmenf wifh calcifonin. 

Treafmenf of severe hypercalcemia (> 13.0 mg/ 
dL) consisfs of resfricfing diefary calcium and medi- 
cafions fhaf mighf cause hypercalcemia (such as 
vifamin D and fhiazide diurefics), adminisfering 
infravenous isofonic saline (2.5 fo 4.0 L/d) wifh si- 
mulfaneous diuresis wifh furosemide or efhacrynic 
acid, and supplemenfing phosphafe.'”'* Mifhramycin 
is somefimes used as well, especially for hypercal¬ 
cemia associafed wifh malignancy. Treafmenf wifh 
calcifonin, parficularly when used in combinafion 
wifh glucocorficoids, may be of benefif, as bofh 
agenfs are inhibitors of bone resorpfion; calcifonin 
also enhances renal excrefion of sodium.'™ '™ Usual 
doses are 4 fo 8 unifs per kilogram of body weighf 
subcufaneously or inframuscularly every 6 fo 12 
hours. A major disadvanfage of calcifonin is fhaf if 
cannof be faken orally. Adverse effecfs may include 
mild nausea, abdominal cramps, flushing, and more 
rarely, an anaphylacfic reacfion. 

Bisphosphonafes, such as efidronafe, bind fo 
hydroxyapafife in bone and prevenf dissolufion of 
bone. They also inhibif osfeoclasf funcfion. Efidro¬ 
nafe and pamidronafe have been approved for use 
in fhe United Sfafes.'™ Alfhough available in oral 
preparafion, fheir absorpfion from fhe guf is poor, 
so infravenous adminisfrafion is preferable in acufe 
hypercalcemia. The recommended dose of efidro¬ 
nafe is 7.5 mg/kg of body weighf infravenously 
over 4 hours daily for up fo 7 days. Adverse reac- 
fions are forfunafely mild and include alfered fasfe 
percepfion, allergic reacfion, fransienf femperafure 
elevafion, fransienf leukopenia, and slighf serum 
phosphate reducfions.'™ 

Clodronafe, an invesfigafional bisphosphonafe 
anfiosfeoclasfic drug, has shown promise in a re- 
cenf frial™ comparing ifs efficacy in prevenfing 
demineralizafion and resorpfive hypercalcemia fo 
fhaf of efidronafe and calcifonin. Oral clodronafe 
was found fo be superior fo efidronafe and equally 
effecfive as calcifonin. The mineralizafion defecfs 
observed during prolonged freafmenf wifh efidro¬ 
nafe were nof observed wifh clodronafe. 

Pofassium and magnesium deplefion are fo be 
expected as a consequence of fherapy, so close moni¬ 
toring of elecfrolyfes, wifh replacemenf as needed, 
should be underfaken. The clinician should have a 
high index of suspicion for elecfrolyfe perfurbafion 
in any immobilized pafienf who develops anorexia, 
nausea, vomifing, irrifabilify, and menfal sfafus 
changes. 

Insulin producfion remains normal during im¬ 
mobilizafion buf glucose intolerance has been re- 
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ported/”® This is believed to occur as a result of in¬ 
creased peripheral insulin resistance/”” Further ef¬ 
fects of immobilizafion include increased serum 
cholesferol levels wifh decreased low densify lipo- 
profein levels/” Ofher reporfed endocrine effecfs of 
immobilizafion have been amenorrhea, and low lev¬ 
els of gonadofropin and esfrogen/” 

Urinary System 

Urinary system management during immobili¬ 
zation is an often neglected part of pafienf care and 
usually only comes fo affenfion when fhe pafienf 
becomes inconfinenf or oliguric. The major prevenf- 
able complicafions are dehydrafion, renal lifhiasis, 
and urinary fracf infecfion. 

Adequafe fluid infake is simply assessed fhrough 
use of infake and oufpuf monitoring as well as body 
weigh! measuremenfs, skin furgor, and mucous 
membrane moisfure. Unless fhere is a medical in- 
dicafion fo resfricf fluid infake, minimum wafer 
requiremenfs for an adulf are on fhe order of 2 fo 
2.5 L/d.^^” (This assumes no confraindicafions fo 
free wafer adminisfrafion such as renal failure, con- 
gesfive hear! failure, and syndrome of secrefion of 
inappropriafe anfidiurefic hormone [SIADH], fo 
name a few.) 

Laborafory sfudies can also assisf wifh assess- 
menf of hydrafion sfafus. These include urine spe¬ 
cific gravify, blood urea nifrogen (BUN), creafinine, 
and elecfrolyfes (parficularly sodium). Elevafion of 
fhe BUN, especially in fhe face of a sfable creafi¬ 
nine and rising urine specific gravify, and elevafion 
of serum sodium can herald dehydrafion. If fhe 
pafienf cannof fake free wafer orally, infravenous 
supplemenfafion will be necessary. Mainfenance of 
adequafe fluid infake is of parficular imporfance in 
fhe early sfages of immobilizafion. Recumbenf po- 
sifioning inifially increases fhe circulafory blood 
volume subsequenf fo resorpfion of exfravascular 
fluid. The ensuing diuresis is accompanied by uri¬ 
nary excrefion of sodium, pofassium, calcium, and 
phosphorus.” 

Hypercalcuria, parficularly in fhe presence of 
urinary sfasis, places fhe pafienf af risk of upper 
and lower urinary fracf calculi. Up fo 30% of im¬ 
mobilized pafienfs develop lifhiasis (Figure 12-1).^^^ 
If is felf fhaf bed resf ifself increases fhe risk for fhe 
formafion of calcium-confaining renal sfones. 
Hwang and associafes^^^ have shown fhaf affer 5 
weeks of bed resf, fhe mean urinary calcium excre¬ 
fion rose during fhe firsf week of fhe 5 weeks of 
bed resf by 32% and remained elevated. Mean uri¬ 
nary phosphorus excrefion increased by more fhan 



Fig. 12-1. Intravenous pyelogram showing left proximal 
urinary tract obstruction with hydronephrosis second¬ 
ary to calculus. Reprinted from the Teaching File, De¬ 
partment of Radiology, Walter Reed Army Medical Cen¬ 
ter, Washington, DC. 


a factor of 10. Urinary excrefion of sodium, urafe, 
and magnesium rose slighfly. Urinary pH, oxalate, 
and cifrafe changed very little. Urinary concenfra- 
fions of calcium phosphate, calcium oxalafe, and 
monosodium urafe increased during fhe period of 
bed resf, showing fhaf fhe propensify for crysfalli- 
zafion of sfone-forming salfs is enhanced wifh bed 
resf. In facf, sfruvife and carbonafe-apafife bladder 
calculi are mosf commonly encountered.”” However, 
in fhe absence of hypercalcemia, if is nof necessary 
fo reduce diefary calcium infake.”” 

There is increased risk of urinary fracf infecfion 
in immobilized pafienfs, parficularly when fhere is 
sfasis of urine. Colonizafion in and of ifself is nof 
jusfificafion for freafmenf wifh anfibiofics, as fhis 
merely increases fhe risk of producing anfibiofic 
resisfanf organisms. The excepfion fo fhis is urea- 
spliffing bacteria such as Proteus species. Because 
of fhe increased risk of sfruvife sfone formafion, 
colonizafion wifh urea-spliffing organisms should 
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be eradicatedOtherwise, antibiotic treatment 
should be reserved for clinically apparent infection 
by observing white blood cells (WBCs) in the uri¬ 
nalysis (> 8 WBC per milliliter of midsfream urine 
or > 20 WBC per high powered field of cenfrifuged 
urine) associafed wifh profeinuria, bacferiuria and 
clinical signs of infecfion.”'’'^^^ In fhis manner, if and 
when a urinary fracf infecfion develops, fhe freafed 
organism will be minimally resisfanf. Prophylacfic 
measures include adequafe urinary flow and fre- 
quenf, complefe drainage of urine from fhe blad¬ 
der. If, however, fhe pafienf has a hisfory of more 
fhan fwo urinary infecfions per year, prophylaxis 
wifh nifrofuranfoin or frimefhoprim-sulfamefh- 
oxazole may be prudenf bofh from clinical and cosf- 
effecfiveness sfandpoinfs.^'* 

If musf be ascerfained fhaf fhe immobilized pa¬ 
fienf is voiding fhe bladder complefely fo minimize 
fhe risk of urinary fracf infecfion and reflux of urine 
info fhe upper urinary fracf. This is besf confirmed 
by defermining fhe posfvoid residual volume, 
which involves placing a cafhefer info fhe bladder 
immediafely affer fhe pafienf has voided. Normally, 
fhe residual volume should be less fhan 75 mL. If if 
is more fhan 75 mL, fhere is incomplefe empfy- 
ing.^^^'”^ To ensure complefe empfying of fhe blad¬ 
der, a program of infermiffenf cafheferizafion is rec¬ 
ommended. 

The frequency of cafheferizafion in fhe confinenf 
pafienf is dependenf on fhe volume of fhe posfvoid 
residual. If fhe posfvoid residual volume is befween 
75 and 150 mL, fhe pafienf should be cafheferized 
once daily; if if is befween 150 and 250 mL, fhe pa¬ 
fienf should be cafheferized fwice daily; if if is be¬ 
fween 250 and 350 mL, fhe pafienf should be cafh¬ 
eferized fhree fimes daily; and if if is befween 350 
and 450 mL, fhe pafienf should be cafheferized four 
fimes daily. Posfvoid residual volumes greafer fhan 
450 mL require more frequenf cafheferizafions, up 
fo every 4 hours.Infermiffenf cafheferizafions 
more frequenfly fhan every 4 hours are nof pracfi- 
cal from a pafienf care sfandpoinf and will nof al¬ 
low fhe pafienf adequafe sleep. Also, fhe primary 
advanfage of infermiffenf cafheferizafion over an 
indwelling cafhefer is fhe reduced risk of urinary 
fracf infecfion. More frequenf infermiffenf cafhefer¬ 
izafion will negafe fhis advanfage, and fhus, ind¬ 
welling cafheferizafion may be preferable. Indwell¬ 
ing cafhefers are also preferable when urine vol¬ 
umes are flucfuafing considerably due fo changes 
in fhe pafienf's volume sfafus. 

The various efiologies of refained urine are be¬ 
yond fhe scope of fhis chapfer buf may involve ouf- 
lef obsfrucfion, lower mofor neuron disease, upper 


mofor neuron disease, or infrinsic damage fo fhe 
bladder wall. Differenfiafion of fhese efiologies re¬ 
quires urodynamic sfudy. Fluoroscopy is recom¬ 
mended during fhe urodynamic sfudy fo defermine 
if reflux of urine info fhe upper fracf is presenf. If 
reflux is presenf, fhe risk of hydronephrosis and 
pyelonephrifis is a concern. 

In pafienfs wifh refenfion of urine who are un¬ 
dergoing infermiffenf cafheferizafion, use of urinary 
anfisepfics has been advocafed as a means of re¬ 
ducing fhe likelihood of infecfion.However, fhe 
use of prophylacfic anfibiofics remains confrover- 
sial.^^^'^^^ Clinical advanfage in insfifufing anfibiofic 
freafmenf for prevenfion of urinary infecfions has 
nof been conclusively demonsfrafed, and recenf 
sfudies fend fo indicafe fhaf prophylacfic anfibiof¬ 
ics do nof have a long ferm effecf in reducing bac¬ 
feriuria. 

Gastrointestinal System 
Nutrition 

One of fhe offen overlooked risks of immobili- 
zafion is ifs effecf on fhe gasfroinfesfinal sysfem. 
As indicafed above, mefabolic abnormalifies caused 
by immobilizafion, parficularly immobilizafion 
hypercalcemia, can presenf wifh gasfroinfesfinal 
complainfs including anorexia, nausea, and vomif- 
ing.'°^ The anorexia associafed wifh illness also 
places fhe bedridden pafienf af increased risk for 
malnufrifion. Vigilance in fhe form of calorie counfs; 
frequenf weighing of fhe pafienf; and moniforing 
of serum albumin, profein, hemafocrif, hemoglobin, 
and WBC counf can serve as markers fo evaluafe 
fhe pafienf's nufrifional sfafus. If fhe pafienf is un¬ 
able fo mainfain adequafe infake, nufrifional 
supplemenfs in fhe form of enferal or parenferal 
supporf will be required fo mainfain adequafe nu- 
frifion.^^^ If musf be remembered fhaf during illness, 
fhe mefabolic rafe is increased, and wifhouf ad¬ 
equafe nufrifion, excessive cafabolism will occur. 
And, as will be seen in fhe Infegumenfary Sysfem 
secfion, inadequafe nufrifion and increased cafabo¬ 
lism are parficular hindrances in fhe prevenfion of 
pressure sores. 

Constipation 

The mosf commonly encounfered gasfroinfesfi¬ 
nal complicafion of immobilizafion is consfipafion. 
Kinnunen^^^ sfudied 439 pafienfs and found fhe rela- 
five risk for consfipafion af 1.7 in pafienfs who walk 
less fhan 0.5 km daily. The relafive risk for bedbound 
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patients is nearly 16 times that for a person who 
walks more than 0.5 km per day. The prevalence of 
consfipafion was direcfly correlafed wifh fecal in- 
confinence. Decreased perisfalsis secondary fo in¬ 
creased adrenergic fone may play a role in fhe de- 
velopmenf of consfipafion in fhe immobilized pafienf. 
Decreased fluid and diefary fiber infake, which is 
common during illness, will also confribufe fo the 
development of consfipafion. Therefore, fhe besf 
way to avoid this complication is to mobilize the 
patient. If fhis is nof possible, an adequafe bowel 
program is required. 

The goals of a bowel program are to ensure regu¬ 
lar and complete evacuation. Initially, this should 
be a daily routine at a specified time. To make opti¬ 
mum use of fhe gasfrocolic reflex, fhe program 
should follow a meal by 30 fo 60 minufes. Usually, 
fhis is following breakfasf or fhe evening meal fo 
minimize disrupfion of fhe daily diagnosfic or re- 
habilifafion program, or both. Once regularity is 
established, the frequency of fhe program can be 
reduced fo an opfimal evacuafion paffern of fhree 
fimes per week. If fhe pafienf is inconfinenf of stool, 
fhe possibilify of fecal impacfion should be invesfi- 
gafed, as fhis can hinder fhe esfablishment of a suc¬ 
cessful program. Impacfion should especially be 
considered if the patient has been treated with 
medications that have a constipating effect, such as 
narcotics. If fhis is fhe case, disimpacfion, freafmenf 
wifh laxafives, enemas, or any combinafion will be 
necessary fo clear fhe lower gasfrointesfinal fracf 
prior fo inifiafing fhe bowel program. Objecfives of 
fhe program are fo provide adequafe bulk and soff- 
ness to the stools such that laxatives can generally 
be avoided. 

Regular defecation can be stimulated reflexively 
through distention of the rectum. This can be 
achieved through use of a glycerin suppository or 
by digifal sfimulafion by placing gloved digifs info 
fhe recfum and sweeping in a circular paffern af the 
time desired for defecafion. Adequafe infake of di¬ 
efary fiber greafly enhances fhe effecfiveness of a 
bowel program by providing adequafe sfool bulk. 
Recommended diefary soluble fiber infake should 
exceed 10 g/d. If fhis is nof possible from fhe dief, 
supplemenfal fiber should be prescribed. One such 
regimen is fo consume 3 fo 4 grams of psyllium 
hydrophilic mucilloid fiber (Mefamucil [Procfer and 
Gamble; Cincinafi, Ohio]) in 250 mL of wafer three 
times per day. This will also help to maintain ad¬ 
equate free wafer infake to promote soft stools. (This 
assumes no contraindications to free wafer ad- 
minisfrafion such as renal failure, congesfive hear! 
failure, or SIADH, to name a few.) Psyllium is con- 


fraindicafed if fecal impacfion or infesfinal obsfruc- 
fion is presenf. 

If soffening of fhe sfool is necessary, this can be 
accomplished through use of a nonabsorbable soff¬ 
ening agenf, such as docusafe sodium (Colace 
[Mead Johnson Pharmaceuticals; Evansville, Indi¬ 
ana]) 100 mg by mouth twice a day. Digital stimu¬ 
lation or a glycerin suppository is then used to ini¬ 
tiate defecation as desired. The recommended initial 
bowel program is as follows: (a) rule out impaction, 
(b) maintain adequate hydration (> 2 liters free 
wafer orally per day), (c) adminisfer psyllium hy¬ 
drophilic mucilloid (3 to 4 grams 3 times daily), (d) 
administer docusate sodium (100 grams 2 times 
daily), and (e) use a postprandial glycerin supposi¬ 
tory or digital stimulation once daily. The dosage 
of soluble fiber and sfool soffener will likely need 
fo be tifrafed fo optimize consistency and to ease 
completeness of defecafion; buf fhe primary goal 
remains regular, confrolled defecafion. 

Peptic Ulcer Disease 

Pafienfs facing physiological sfress have long been 
known fo be af risk for peptic ulcer disease.Lev 
and colleagues^^® examined increased sfress ulcer 
occurrence in fhe baffle wounded during fhe Vief- 
nam War. If has also been shown experimenfally thaf 
immobilify is a risk factor for ulceration.Clini¬ 
cally, fhe incidence of sfress ulcers due to immobil¬ 
ity alone is not known, but in spinal cord 
injured patients who are physiologically stressed 
and presumably immobilized, the incidence of 
sfress ulcers has been reporfed fo be 4%.^^''^” In 
Kewalramani's'^^ sfudy, 42% of patienfs wifh gas- 
fric or duodenal ulceration developed perforation. 
Kuric ef aP^^ and Diefz ef aP^^ have indicafed fhaf 
adequafe nutrifion (meefing fhe pafienf's fofal en¬ 
ergy requiremenfs) will reduce fhe incidence of gas- 
fric ulceration by more fhan half. Anorexia and nau¬ 
sea are early sympfoms.^^^ Melena is fhe usual clini¬ 
cal presenfation.^^® 

The diagnosis is made by posifive barium con- 
frasf upper gasfroinfesfinal tracf radiography or fi¬ 
ber optic endoscopy, or both (Figure 12-2). Of fhose 
pafienfs wifh gasfroinfesfinal bleeding, in fhe spi¬ 
nal cord injured populafion, 63% had duodenal 
ulcers; 21% had gasfric ulcers; and approximafely 
5% each had gasfritis, esophagitis, Mallory-Weiss 
fear, or gasfric carcinoma.Use of anficoagulanfs 
and steroids can furfher increase fhe risk of gas¬ 
froinfesfinal bleeding.In fhe spinal injured popu¬ 
lafion, adminisfrafion of decadron in fhe firsf 48 
hours posfinjury has nof been shown fo be associ- 
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Fig. 12-2. Upper gastrointestinal series demonstrating an 
acute gastric ulcer. Reprinted from the Teaching File, De¬ 
partment of Radiology, Walter Reed Army Medical Cen¬ 
ter, Washington, DC. 

ated with ulcers, but it has been associated with 
pancreatitis.^^^ 

As indicated above, the important preventive 
strategy for stress ulcers is adequate nutrition. 
Additional suggested medical measures are admin¬ 
istration of anfacids, (H^) HisfaminOj-recepfor an- 
fagonisfs, sucralfafe (Carafafe [Marion Merrill Dow; 
Kansas Cify, Missouri]), Omeprazole (Prilosec 
[Merck Sharp and Dohme; Wesf Poinf, Pennsylva¬ 
nia]), and misoprosfol (Cyfofec [G.D. Searle and Co; 
Chicago, Illinois] Hj-recepfor anfagonisfs re¬ 
main fhe mainsfay of prevenfion and freafmenf. 
recepfor anfagonisfs inhibif fhe acfion of hisfamine 
af ifs recepfor on fhe gasfric pariefal cell, resulfing 
in decreased acid secrefion.^^^'^'*'* 

Anfacids (magnesium hydroxide and aluminum 
hydroxide combinafions) are comparable fo Hj-re- 
cepfor blockers in freafmenf of duodenal ulcers, buf 
fheir use in prevenfion of gasfric and duodenal ul¬ 
cers and for freafmenf of gasfric ulcers is nof well 
esfablished.^^® Their primary mefhod of acfion is 


acid neufralizafion. Alfhough sucralfafe has been 
shown fo be as effecfive as H^-recepfor blockers in 
fhe freafmenf of duodenal ulcers, if has nof been 
approved by fhe Food and Drug Adminisfrafion for 
freafmenf of gasfric ulcers.Ifs exacf mechanism 
of acfion is nof known, buf if appears fo have 
cyfoprofecfive effecfs.^^' Omeprazole is a profon 
pump inhibifor fhaf reduces fhe secrefion of hydro¬ 
gen ions from fhe pariefal cell. MacLellan and col¬ 
leagues^^” have shown fhaf in spinal cord injured 
rafs, omeprazole is more effecfive fhan anfacids or 
Hj-blockers in prevenfing ulcerafion. In humans, 
omeprazole heals ulcers more rapidly and wifh 
fewer failures fhan H^-recepfor anfagonisfs, buf if 
is very expensive. If is besf reserved for fhe freaf¬ 
menf of refracfory ulcers; fhe suggesfed regimen is 
40 mg/d for 8 weeks.^^"'^"® 

Prosfaglandin analogues, such as misoprosfol, 
inhibif acid secrefion from fhe pariefal cell and sfimu- 
lafe bicarbonafe and mucus secrefion from fhe gasfric 
mucosa. In ferms of healing pepfic ulcers, misoprosfol 
is less effecfive fhan Hj-recepfor anfagonisfs.^®” 
Misoprosfol is indicafed for fhe prevenfion of gasfric 
ulcers for pafienfs who are on chronic nonsferoidal 
anfiinflammafory drugs.^®^'^®^ Fabian and colleagues^^ 
complefed a sfudy of 278 ICU pafienfs fhaf indicafes 
fhaf bofh an H^-recepfor anfagonisf (cimefidine) and 
sucralfafe are effecfive for sfress ulcer prophylaxis 
in severely injured pafienfs. A suggesfed regimen 
is presenfed in Table 12-1. Wifh fhe excepfion of 

TABLE 12-1 

SUGGESTED ORAL REGIMEN EOR THE 
PREVENTION AND TREATMENT OE 
PEPTIC ULCERS 


Medication 

Dose/Frequency 

Hj-receptor antagonists 


Cimetidine 

800 mg once daily 

Famotidine 

40 mg once daily 

Nizatidine 

300 mg once daily 

Ranitidine 

300 mg once daily 

Sucralfate 

1 g four times daily 

Anatacid 

10 cm^ four times daily 

Omeprazole 

40 mg once daily x 8 wk 
for refractory ulcer 

Misoprostol 

200 (xg four times daily 
if patient is taking NSAIDs 


NSAID: nonsteroidal antiinflammatory drug 
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antacids, all the medications listed in Table 12-1 
should generally be avoided in pregnancy due to the 
lack of controlled data on their teratogenic effects on 
the human fetus. Misoprostol is contraindicated in 
pregnancy due to its abortifacient property. 

Superior Mesenteric Artery Syndrome 

A rare, but potentially life threafening, gas- 
froinfesfinal complicafion concomifanf wifh immo- 
bilify is fhe superior mesenferic artery syndrome. 
This syndrome results from a loss of mesenferic faf 
coupled wifh bed resf (supine immobilization), which 
causes fhe superior mesenteric artery to obstruct the 
upper gastrointestinal tract by compressing the 
third part of fhe duodenum againsf fhe underlying 
aorfa.^^^If fends fo be more common in females fhan 
males, in younger ages (14 fo 19 years), and in as- 
fhenic body habifus.^®*’ 

The clinical presenfafion includes nausea and 
voluminous, bilious posfprandial projecfile vomif- 
ing. There may be periods of normal appefife and 
fhe presence of bowel sounds if fhe obsfrucfion is 
infermiffenf.^®® Diagnosis is confirmed wifh an up¬ 
per gasfroinfesfinal cinefluoroscopy (Figure 12-3). 
The primary infervenfions are nasogasfric drainage 
wifh infravenous hydrafion and nufrifion. Eafing 
in fhe leff laferal decubifus or upright positions may 
help to alleviate symptoms. In the Hutchinson and 
Bassett report'®® on 14 patients, all responded to 
conservative management, with none requiring sur¬ 
gical decompression; although 50% had more than 
one episode that required treatment. 



Fig. 12-3. Upper gastrointestinal series demonstrating the 
superior messenteric artery syndrome with partial ob¬ 
struction of the inferior duodenum. Reprinted from the 
Teaching File, Department of Radiology, Walter Reed 
Army Medical Center, Washington, DC. 


Less commonly, other potential gastrointestinal 
system emergencies that can complicate the recov¬ 
ery of fhe immobilized pafienf include pancreatitis 
and small-bowel obsfrucfion, or ileus. Awareness 
is fhe primary means of prevention for all of fhe 
gasfroinfesfinal complications of immobilify. 

Integumentary System 

Pressure ulcers are among the most costly com¬ 
plications of immobilify in terms of added morbid- 
ify and cosf. Prevalence in fhe acufe care seffing is 
esfimated to be between 3% and 28%; with an inci¬ 
dence of 1% fo 8% during hospifalizafion.'®^ In spi¬ 
nal cord injured pafienfs, developmenf of a pres¬ 
sure ulcer is associafed wifh a doubling of inpafienf 
hospifal days and an increased cosf of up to $40,000 
per occurrence.'®® Cost estimates in the non-spinal- 
injured population during acute hospitalization are 
nearly $4,000 per occurrence.'®® Not surprisingly, the 
associated costs are lower in the chronic care set¬ 
ting.'®® Therefore, the prevention of pressure ulcers 
is of greaf imporfance in minimizing fhe morbidify 
of immobilizafion and in fhe conservafion of 
healfhcare dollars.'®'”'®^ Up fo $14 billion can be 
saved if pressure ulcers are prevenfed.'® 

Pressure ulcers are localized areas of cellular ne¬ 
crosis due primarily fo increased pressure over a 
focal area of soft tissue for a sufficienf lengfh of time 
fo result in ischemia.'®® Sustained pressures (as low 
as 32 mm Hg), shear forces, fricfion, moisfure, in¬ 
creased skin femperafure, hypoprofeinemia, and 
anemia have all been found fo be imporfanf in fhe 
pafhogenesis of pressure ulcers.Tissue sub- 
jecfed fo pressures of more fhan 32 mm Hg for ex- 
fended periods of fime will cause capillaries fo col¬ 
lapse, resulting in tissue ischemia, fhrombosis, cell 
deafh, and ulceration.Pressures of 70 mm Hg 
applied fo fhe skin for only 2 hours can result in 
irreversible tissue injury.'^® 

Pressure distributions over healthy skin is depen¬ 
dent on the patient's position in bed. Figure 12-4 
illustrates the varying pressure gradients in the 
supine and prone positions.The areas exhibiting 
the highest pressures are at the greatest risk for ul¬ 
ceration. In fhe supine posifion, pressures sufficienf 
enough fo cause fissue ischemia are found over fhe 
occipuf, spine, sacrum, and heels. In fhe sifting posi¬ 
fion, pressure over fhe ischial tuberosities can ap¬ 
proach 300 mm Hg.'®®''®®''^^ Patients with insensate 
skin, impaired mental status, or inability to perform 
pressure relief are af even greafer risk for develop¬ 
menf of pressure ulcers.'^^''^® These ulcers can de¬ 
velop over any bony prominence buf are mosf com- 
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Fig. 12-4. Pressure distributions in recumbent healthy 
adult male (mm Hg). Left: Prone. Right: Supine. Adapted 
with permission from Lindan O, Greenway RM, Piazza JM. 
Pressure distribution on the surface of the human body: 1. 
Evaluation in lying and sitting position using a "bed of 
springs and nails." Arch Phys Med Rehabil. 1965;46:378. 


TABLE 12-2 

SITES OE PRESSURE SORES IN PARAPLEGIC 
PATIENTS 


Site 

Percentage 

Ischial tuberosity 

28 

Trochanter 

19 

Sacrum 

17 

Heel 

9 

Malleolus 

5 

Pretibial 

5 

Patella 

4 

Foot 

3 

Anterosuperior spine 

3 

Elbow 

2 

Other (including occiput and 
costal margin) 

6 


Source: Dansereau JG, Conway H. Closure of decubiti in 
paraplegics. Plast Reconstr Surg. 1964;33:474-480. 


mon over the ischial tuberosity, greater trochanter, 
sacrum, heel, malleolus, and tibia (Table 12-2).^^® 

In Persian Gulf War casualties, the prevalence of 
lower exfremify pressure ulcers was 3%.^'* This com¬ 
pares favorably fo fhe reporfed incidences of up fo 
8%.^®^ Upper exfremify and forso ulcers were even 
less frequenf, af 2% each. Sfill, pressure ulcers are 
complefely avoidable, and fhe mainsfay of manage- 
menf is prevenfion. 

Several fools have been developed fo assisf in 
idenfificafion of pafienfs af risk.'^^'^^® An example 
of an insfrumenf for idenfificafion of pafienfs af risk 
for pressure sores is presenfed in Exhibif 12-1.^^^ 


EXHIBIT 12-1 

INSTRUMENT EOR IDENTIEICATION OE 
PATIENTS AT RISK EOR PRESSURE SORES 


A. Mental Status 
5 Alert 

4 Apathetic 

3 Confused 

2 Stuporous 

1 Unconscious 

B. Continence 

4 Fully controlled 

3 Usually continent 

2 Minimally continent 

1 Uncontrolled 

C. Bed Mobility 

4 Full 

3 Slightly limited (requires minimal assistance) 

2 Very limited (requires moderate assistance) 

1 Immobile 

D. Activity 

4 Ambulatory without assistance 

3 Walks with assistance 

2 Chairfast 

1 Bedfast 

E. Nutrition 

3 Good: eats a balanced diet 

2 Fair: occasionally refuses meal 

1 Poor: seldom eats complete meal/dehydrated 

Maximum score = 20; Minimum score = 5. High risk of 
pressure sore if score < 11. Reprinted with permission 
from Gosnell DJ. An Assessment Tool to Identify Pres¬ 
sure Sores. Nurs Res. 1973;22:55-59. 
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Normally, a person changes bed position as fre¬ 
quently as four fimes an hour, and, ideally, pafienfs 
should relieve areas of pressure for 5 seconds ev¬ 
ery 15 minufes, alfhough fhis may be impracficald®° 
For bedridden pafienfs, a pracfical minimum is fo 
furn fhem af leasf once every 2 hoursd®^'^“ For fhe 
pafienf using a wheelchair, pressure relief (parficu- 
larly over fhe ischial fuberosifies, sacrum, and 
frochanfers) should be inifiafed af leasf every 30 
minufes for a durafion of 15 seconds.'*^ Proper po- 
sifioning of fhe pafienf af bed resf will help mini¬ 
mize fhe developmenf of pressure ulcers and will 
assisf wifh confracfure prevenfion.^®'^^'^®^ The basic 
posifioning sfrafegies are described in fhe secfion 
on confracfures. 

Use of pressure relieving devices such as seaf 
cushions, special beds, maffresses, and bolsfers can 
be of assisfance in redisfribufing pressure.^®® 
Maklebusf and associafes^“'^®^ found fhaf fhe air- 
fluidized bed (Clinifron [Hill-Rom Company, Inc.]), 
low-air-loss bed (Flexicare [Hill-Rom Company, 
Inc.]), and fhree-layered air cushion (Sof-Care 
[Gaymer Indusfries, Inc.]) all reduced fissue infer- 
face pressures below 32 mm Hg. Use of fherapeufic 
air suspension beds has been shown fo reduce fhe 
incidence of pressure ulcers in fhe infensive care 
unif seffing by 79%}^ Several of fhese devices are 
illusfrafed in Figures 12-5,12-6, and 12-7. However, 



Fig. 12-5. Clinitron air-fluidized therapy bed. Designed 
to relieve pressure in the recumbent patient. Except at 
the heels, reduces tissue interface pressures below 32 mm 
185,186 Reprinted with permission from Hill-Rom Com¬ 
pany, Inc., Batesville, Indiana. 



Fig. 12-6. Sof-Care alternating pressure mattress. De¬ 
signed to relieve pressure in the recumbent patient. Ex¬ 
cept at the heels, reduces tissue interface pressures be¬ 
low 32 mm Reprinted with permission from 

Gaymar Industries, Inc., Orchard Park, New York. 

none of fhese measures affords complefe pressure 
relief, parficularly beneafh fhe heels, and are nof 
subsfifufes for frequenf skin checks and regular 
pressure releases.^®® Inspecfion of suscepfible areas 
(see Figure 12-4 and Table 12-2), meficulous affen- 
fion fo skin hygiene, and adequafe nufrifion are of 
ufmosf imporfance.'®'^^^ Mainfenance of adequafe 
hydrafion and nufrifion is essenfial bofh for pre- 
venfion of ulcerafion and for healing, should a pres¬ 
sure sore develop. Increased fissue pressure and 
shear, combined wifh skin afrophy from poor nu¬ 
frifion, accelerafe fhe developmenf of decubifi. 

Alfhough prevenfable, pressure ulcers do occur. 
The classificafion of pressure ulcers is dependenf 



Fig. 12-7. ROHO low profile dry flotation cushion. De¬ 
signed to relieve pressure in the sitting patient. Reprinted 
with permission from ROHO Incorporated, Belleville, Il¬ 
linois. 
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TABLE 12-3 

GRADING OF PRESSURE SORES 


Classification 

Description 

Grade 1 

Skin erythema that persists > 24 h and 
does not blanch to digital pressure 

Grade 2 

Ulceration of dermis 

Grade 3 

Ulceration into subcutaneous fat 

Grade 4 

Ulceration of muscle 

Grade 5 

Ulceration into body cavity (including 
bursae and bone) 


Adapted with permission from Daniel RK, Hall EJ, MacLeod 
MK. Pressure sores-a reappraisal. Ann Blast Surg. 1979;3(l):53-63. 


on the depth of tissue injury.^®® The grading of pres¬ 
sure sores is summarized in Table 12-3. In fhe ear¬ 
lier sfages of ulcerafion (grades 1 and 2), conserva- 
five managemenf can be effecfive.^*® Blanchable 
eryfhemafous skin should refurn fo normal in 1 day 
if pressure is relieved. Nonblanchable eryfhemafous 
skin should heal in 1 fo 3 weeks if correcfive acfion 
is faken. Bullae may require 1 monfh or more fo 
heal.^^^ If is fherefore imporfanf fhaf fhe developing 
decubifus ulcer be addressed. The mosf obvious 
reason is fhaf fhe more superficial fhe ulcer, fhe less 
morbidify and cosf will be encounfered. The risk of 
bacferial superinfecfion will be minimized as well. 

Malignanf degenerafion has also been reporfed 
fo occur in long-sfanding ulcers.As wifh ulcer 
prevenfion, relief of pressure and fricfion over fhe 
injured area is fhe primary freafmenf. Nufrifion and 
hydrafion should be opfimized fo hasfen wound 
healing. Necrofic fissue should be debrided. Franfz 
and colleagues™ have conducfed a 5-year refrospec- 
five frial fhaf revealed over 70 differenf freafmenfs 
used fo freaf pressure ulcers. Approximafely 40% 
involved open-air or dry gauze freafmenfs and in 
60%, an anfisepfic solufion was used. A subsequenf 
clinical frial has indicafed fhaf moisf dressings ap¬ 
plied fhree fo four fimes daily are fhe conservafive 
freafmenf of choice. 

Wounds of grades 3 fhrough 5 will usually re¬ 
quire surgical affenfion. Surgical managemenf in¬ 
cludes skin graffs, skin flaps, muscle flaps, muscu- 
locufaneous flaps, and free flaps in progressing 
order from superficial fo exfensive freafmenf. The 
reader is referred fo surgical liferafure for a defailed 
discussion of fhese opfions.^®^ Posfoperafive com- 


plicafions fo be wary of include hematoma, seroma, 
and wound infecfion. If should be nofed fhaf recur¬ 
rence of ulcerafion in fhe same region is as high as 
67%.™ The roles of pafienf educafion and preven¬ 
fion along wifh meficulous posfoperafive care can- 
nof be oversfafed. 

Respiratory System 

A major adverse effect of immobilizafion on fhe 
respiratory sysfem is of a resfricfive nafure.'^ This 
sfems from fwo of fhe processes discussed above: 
(1) muscular weakness (disuse afrophy) and (2) con- 
fracfure. As wifh fhe limb muscles, fhe muscles of 
respirafion undergo afrophy wifh lack of use. This 
is especially frue of fhe accessory muscles of respi¬ 
rafion, including fhe infercosfals. The ensuing 
weakness resulfs in a loss of chesf wall expansion. 
Lack of mobilify also predisposes fo loss of range 
of mofion of fhe cosfoverfebral and sfernocosfal 
joinfs fhrough fhe process of confracfure. Bofh fhe 
weakness of respirafion muscles and fhe loss of 
mobilify of fhe fhorax lead fo a resfricfive reduc- 
fion in pulmonary funcfion. In addifion, supine 
pafienfs fend fo hypovenfilafe.^^^ Resfricfion of res¬ 
pirafion gives rise fo an elevafed risk of afelecfasis 
wifh a concomifanf increase in arferial-venous 
shunfing; fhis resulfs in a perfusion of poorly ven- 
filafed regions,^®® leading fo impaired oxygenafion 
and fall in parfial pressure of oxygen (P 02 ) and rises 
in parfial pressure of carbon dioxide (PCO 2 ) and pH. 
Immobilizafion has also been implicafed in reduced 
ciliary acfivify in fhe upper respiratory fracf, which 
impairs clearance of respirafory pafhogens and in¬ 
creases fhe risk of pneumonia.^®® 

Pulmonary Function Tests 

The pulmonary funcfion fesfs (PFTs) mosf di- 
recfly affecfedby immobilify are fhe vifal capacify, 
fidal volume, minufe volume, and maximal volun- 
fary venfilafion. This is nof surprising, given fhe 
resfricfive impairmenf caused by immobilizafion. 
Vifal capacify and maximal volunfary venfilafion 
can be reduced by more fhan one fhird from nor¬ 
mal values.Should such resfricfive impairmenf be 
encounfered, Hinfzelmann has demonsfrafed fhaf 
applicafion of ulfrasound diafhermy fo cosfoverfe¬ 
bral joinfs followed by deep breafhing exercises, 
resulf in improved PFTs in pafienfs wifh ankylosing 
spondylifis.'®® This same fechnique can be applied 
fo fhe pafienf who suffers unfavorable pulmonary 
effecfs due fo immobilizafion. Therefore, PFTs 
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should be performed at least once per week on pa¬ 
tients at bed rest. Treatments included in pulmo¬ 
nary management of the immobilized patient are: 
(a) turn every 2 hours; (b) incentive spirometry ev¬ 
ery 4 hours while awake; (c) weekly PFTs; (d) as¬ 
sisted cough every 4 hours; (e) airway suctioning, 
if needed, every 4 hours; (/) percussion and pos¬ 
tural drainage every 4 hours; {g) humidified air and 
mucolytic (acetylcysteine) inhalation for obstipated 
secretions four times daily; and (h) bronchodilators, 
if clinically indicated. 

Lower Respiratory Tract Infection 

The adverse effects of prolonged immobility are 
due primarily to gravitational effects on blood flow 
and ventilation, impairment of the normal muco¬ 
ciliary escalator, and possibly, an increase in ex- 
travascular lung water. The sequence of events 
that culminate in nosocomial pneumonia is un¬ 
clear; however, low tidal volumes, increased ex- 
travascular lung water, and the accumulation of 
bronchopulmonary secretions may lead to atelecta¬ 
sis, a well-known precursor of pneumonia. Theo¬ 
retically, continuous lateral rotational therapy 
should reverse these abnormalities. 

In a randomized, prospective trial of 106 ICU 
patients, Fink and associates'®^ tested the hypo¬ 
thesis that the incidence of lower respiratory tract 
infections in critically ill, blunt trauma victims can 
be significantly reduced by employing continuous 
postural oscillation. Among 48 patients in the con¬ 
trol group, 47 met criteria for lower respiratory tract 
infection or pneumonia. By comparison, out of 51 
patients in the treatment group, only 20 developed 
lower respiratory tract infection or pneumonia. It 
was concluded that continuous postural oscillation 
through a 40° to side arc for 10 to 16 hours per day 
decreases the risk of pulmonary sepsis in victims 
of major blunt trauma. 

The efficacy of using lateral rotational treatment 
to prevent or reduce pulmonary complications in 
severely head-injured patients is unclear. Clemmer 
and colleagues^®* undertook a prospective, random¬ 
ized trial which compared the kinetic treatment 
table to conventional bed care in severely head-in¬ 
jured patients. They found that there was no sig¬ 
nificant difference in mortality, CNS morbidity, 
length of stay, or rate of pulmonary complications 
between the two groups; this indicated that the ef¬ 
ficacy of the kinetic treatment table in reducing 
pulmonary complications in head-injured patients 
remains unclear. 


However, three prospective, randomized stud¬ 
ies, ^®®'^°^ that evaluated patients with acute head 
trauma, stroke orthopedic injuries requiring trac¬ 
tion, and blunt chest trauma, all showed a decreased 
incidence of nosocomial pneumonia with continu¬ 
ous lateral rotational therapy compared to those 
treated in a conventional bed and turned every 2 
hours by the nursing staff. A fourth study,^“ per¬ 
formed in an ICU with a heterogeneous group of 
patients, showed no difference in incidence of noso¬ 
comial pneumonia between those treated with con¬ 
tinuous lateral rotational therapy and those in a 
conventional bed, but it did show a decreased 
length of ICU stay for pneumonia patients treated 
with continuous lateral rotational therapy. It, there¬ 
fore, appears that for continuous lateral rotational 
therapy to be effective, it needs to be instituted early 
in the patient's illness. 

The length of time that continuous lateral rota¬ 
tional therapy should be utilized is unknown. It is 
also unclear whether continuous lateral rotational 
therapy should be started at full rotation immedi¬ 
ately or begun at lesser degrees of rotation and ad¬ 
vanced serially over several hours. In the studies 
cited above, rotations from 40° to 62° in each direc¬ 
tion were used. Another unknown is the minimum 
time that continuous lateral rotational therapy 
should be administered per day. In the studies dis¬ 
cussed, most patients were rotated for 10 to 16 hours 
per day. Based on the current data, the early use of 
continuous lateral rotational therapy in comatose 
or otherwise immobile patients decreases the inci¬ 
dence of pneumonia over the first 7 to 14 days of 
ICU care. 

Although the use of continuous lateral rotational 
therapy appears to be advantageous in the preven¬ 
tion of lower respiratory tract infections, its avail¬ 
ability may be limited. If it is not available, the 
following is recommended: In addition to the ev- 
ery-2-hour turning program discussed above, ag¬ 
gressive pulmonary toilet should be performed at 
least every 4 hours. This includes assisted cough 
(diaphragmatic thrust in patients without abdomi¬ 
nal or thoracic wounds), airway suctioning when 
necessary, chest physical therapy (percussion), and 
postural drainage. Incentive spirometry at least four 
times daily can help expand atelectasis and prevent 
costovertebral and costochondral contracure (Fig¬ 
ure 12-8).^“Humidified air and mucolytic medica¬ 
tion such as acetylcysteine (Mucomist [Apothecon; 
Princeton, NJ]) will also be of benefit with op- 
stipated secretions. If bronchospasm is present, use 
of broncho-dilators may be of additional benefit. 
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V. 


Fig. 12-8. Incentive spirometer for prevention of atelecta¬ 
sis. Maximum inspiratory effort should be performed 
every 4 hours while awake. 

Pulmonary Embolism 

Pulmonary embolism is a serious medical com¬ 
plication with life threatening consequences. Up to 
20% of all deafhs occurring in hospitals are a result 
of pulmonary embolism.^”® The immobilized patienf 
is af parficular risk. Xue and Zhang used rabbifs fo 
develop an experimenfal model for inducing pul¬ 
monary faf embolism by forced immobilizafion.^“ 
Forced immobilizafion for 5 hours was found fo 
induce pulmonary embolism. The resulfs suggesf 
fhaf fhe disorder of homeosfasis caused by immo¬ 
bilizafion alone may bring abouf pulmonary em¬ 
bolism. In one aufopsy sfudy/°^'^“® pulmonary em¬ 
bolism was shown fo be presenf in 50% of pafienfs 
who die in hospifal; buf less fhan 50% of fhe pa- 
tienfs who died were suspecfed of having pulmo¬ 
nary embolism prior to death. 

The origin of pulmonary embolism resulfs from 
fhrombi fhaf migrafe and pass fhrough fhe righf 
afrium and venfricle and lodge in fhe pulmonary 
arferies. (The reader is referred fo fhe secfion on 
venous fhrombosis for ifs efiology.) Approximafely 
50% of pafienfs wifh diagnosed pulmonary embo¬ 
lism have no clinical sign of deep venous fhrombo¬ 
sis.™ Yef, befween 85% fo 95% of all pulmonary 
emboli are believed fo arise from lower exfremify 
fhrombi.The resulfing venfilafion-perfusion mis- 
mafch resulfs in reduced POj wifh resulting com¬ 
plaints of dyspnea. Subsfernal crushing pleurific 
chesf pain and hemopfysis may or may not be 
present. Tachycardia and tachypnea are often ob¬ 
served. Cyanosis may also be noted if fhe hypoxia 


TABLE 12-4 

CRITERIA EOR THE CLINICAL DIAGNOSIS 
OE PULMONARY EMBOLISM 


Clinical Findings 

Likelihood of 
Pulmonary Embolism 
High Low 

Reasonable precipitating cause 

Yes 

No 

Typical symptoms and signs 

Several 

Few 

Pa 02 < 80 mm Hg 

Yes 

No 

FDP and SFC 

Both 

Both 


positive 

negative 

Chest roentgenogram 

Abnormal 

Normal 


FDP: fibrin degredation products 

SFC: soluble fibrin complexes 

Pa 02 : partial pressure of oxygen, arterial 

Source: Wilson JE. Pulmonary embolism. In: Wyngaarden JB, 
Smith LH, Bennett JC, eds. Cecil Textbook of Medicine. 17th ed. 
Philadelphia, Pa: WB Saunders; 1985:426-431. 

is significant. Differential diagnosis includes pul¬ 
monary infection (pneumonia), atelectasis, conges¬ 
tive heart failure, acufe myocardial infarcfion, 
dissecfing aorfic aneurysm, ruptured esophagus, 
bronchospasm, and mucous plugging. Table 12-4 
lists criteria for fhe clinical diagnosis of pulmonary 
embolism.™ 

Chesf roenfgenograms remain useful in diagno¬ 
sis, parficularly if infarction has resulted in a 
wedge-shaped infiltrate, but the diagnosis can be 
suspected from roentgenograms in only about 50% 
of pafienfs wifh pulmonary embolism (Figure 12- 
9).^^^ Use of radioisotope ventilation-perfusion scan¬ 
ning can further assist with diagnosing suspected 
pulmonary embolism, although the diagnosis is 
definitively made through pulmonary angiography 
(Figures 12-10,12-11, and 12-12).^^^ It must be noted 
that there is a 4% to 10% risk of morbidify associ- 
afed wifh pulmonary angiography. The accepfable 
diagnosfic endpoinfs for diagnosis of pulmonary 
embolism wifhouf angiography are as follows™: 

1. Pulmonary embolism is excluded 

• normal perfusion scan 

• low probabilify perfusion scan wifh: 

o low esfimafe of clinical likelihood of 
pulmonary embolisms, or 
o normal chesf x-ray 

2. Pulmonary embolism is confirmed 

• high probabilify perfusion scan wifh: 

° high clinical likelihood, or 
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Fig. 12-9. Chest radiograph showing a left wedge-shaped 
pulmonary infiltrate in pulmonary embolism. Reprinted 
from the Teaching File, Department of Radiology, Walter 
Reed Army Medical Center, Washington, DC. 
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Fig. 12-11. Impaired perfusion of the left lobe of lung. 
Reprinted from the Teaching File, Department of Radi¬ 
ology, Walter Reed Army Medical Center, Washington, DC. 
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Fig. 12-10. Complete ventilation of all lung fields. Re¬ 
printed from the Teaching File, Department of Radiol¬ 
ogy, Walter Reed Army Medical Center, Washington, DC. 


Fig. 12-12. Pulmonary angiogram demonstrating massive 
left pulmonary embolism. The lower lobe artery is to¬ 
tally occluded, and there is a large filling defect in the 
artery to the upper two segments. Reprinted from the 
Teaching File, Department of Radiology, Walter Reed 
Army Medical Center, Washington, DC. 
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° normal ventilation scan, or 
° positive venogram, or 
° impedance plethysmography. 

Thirty-three percent of deaths from pulmonary 
embolism occur wifhin fhe firsf hour of fhe embo¬ 
lism lodging in fhe pulmonary arferies, fhus mak¬ 
ing prevenfion fhe mosf imporfanf managemenf 
sfrafegy. Prevenfion of pulmonary embolism has 
been invesfigafed fhrough insfifufion of early hep¬ 
arin fherapy, including pafienfs wifh sponfaneous 
infracerebral hemorrhage.In 68 pafienfs wifh 
sponfaneous infracerebral hemorrhage, fhe effecf of 
low-dose heparin freafmenf beginning on fhe 2nd, 
4fh, or lOfh day was invesfigafed. Early (day 2) low- 
dose heparin medicafion significanfly lowered fhe 
incidence of pulmonary embolism. An increase in 
fhe number of pafienfs wifh rebleeding was nof 
observed. The resulfs indicafe fhaf fhe early use of 
heparin in fhese pafienfs is safe and can be recom¬ 
mended for fhe prevenfion of fhromboembolic com- 
plicafions. The recommended dose is 5,000 unifs, 
subcufaneously, fwice daily.™ For addifional pre- 
venfive measures, fhe reader is referred fo fhe sec- 
fion on venous fhrombosis. 

For confirmed pulmonary embolism, anficoagu- 
lafion is necessary.^^'^ The durafion of freafmenf 
should be af leasf 3 monfhs.™ Fibrinolyfic fherapy 
has also been used fo dissolve emboli. The use of 
fhrombolyfic fherapy is reserved for life-fhreafen- 
ing sifuafions.™'^^® If anficoagulafion fherapy is in- 
adequafe or confraindicafed, parfial venous infer- 
rupfion may be indicafed and accomplished 
fhrough placemenf of an infraluminal filler in fhe 
inferior vena cava.^^*" Heroic measures include pul¬ 
monary embolecfomy.^^^ 

Early mobilizafion reduces fhe risks of all pul¬ 
monary complicafions, including pulmonary embo¬ 
lism. When immobilizafion is necessary, following 
fhe guidelines sef forfh above should help minimize 
fhese risks. 

Cardiovascular System 
Thromboembolism 

It is estimated that there are nearly 20 million 
cases of lower exfremify deep venous fhrombosis 
in fhe Unifed Sfafes annually.^^® Thromboembolism 
is known fo occur in fhe immobilized pafienf.^^® One 
sfudy™ has affribufed up fo 25% of acufe iliofemo¬ 
ral venous fhrombi direcfly fo immobilizafion. If 
addifional risk facfors are presenf, fhe danger is 
magnified. The risk facfors for lower exfremify deep 


venous fhrombosis include prolonged inacfivify, 
frauma (including long bone fracfures), paralysis 
or paresis, dehydrafion, advanced age, obesify, 
malignancy, hypercoagulable sfafes, pregnancy, 
premenopausal esfrogen use, polycyfhemia, and 
congesfive hearf failure.™ 

In a sfudy of immobilized mulfiple frauma pa¬ 
fienfs, 60% had clinically silenf, deep venous fhrom¬ 
bosis, wifh half of fhese exfending above fhe knee.^^^ 
Venous fhrombosis develops when fhe componenfs 
of Virchow's friad are presenf: sfasis of blood flow, 
hypercoagulable sfafe, and endofhelial damage. In 
fhe immobilized pafienf all fhree of fhese are pos¬ 
sible. Mosf venous fhrombi seem fo originafe in re¬ 
gions of slowed blood flow, parficularly in fhe veins 
of fhe calf and fhigh (Figures 12-13 and 12-14). De¬ 
creased blood flow, or even sfasis due fo lack of fhe 
pumping acfion of immobilized muscles, is un- 
doubfedly a major factor. As blood pools, acfiva- 
fion producfs of fhe coagulafion sysfem accumu- 
lafe and lead fo local hypercoagulabilify. Acfivafion 
producfs of doffing and fibrinolysis can induce 



Figs. 12-13 and 12-14. (12-13, left) Venogram demonstrat¬ 
ing a popliteal deep venous thrombosis. Reprinted from 
the Teaching File, Department of Radiology, Walter Reed 
Army Medical Center, Washington, DC. (12-14, right) 
Venogram demonstrating a femoral deep venous throm¬ 
bosis. Reprinted from the Teaching File, Department of 
Radiology, Walter Reed Army Medical Center, Washing¬ 
ton, DC. 
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endothelial damage, which, in turn, leads to fur¬ 
ther activation of fhe hemosfasis sysfem. Endofhe- 
lial damage may also resulf from disfension of fhe 
vessel walls by fhe pooling blood. Blood flow is 
furfher decreased by hyperviscosify due fo elevafed 
fibrinogen levels and dehydrafion.^^^ 

Deep venous fhrombosis in fhe poplifeal vein, or 
proximally, are felf fo be more dangerous fhan dis- 
fal fhrombosis due fo fhe higher risk of pulmonary 
embolism.^'” More fhan half of all pafienfs wifh a 
documenfed deep venous fhrombosis will have af 
leasf a clinically silenf pulmonary embolism.The 
percenfage for calf deep venous fhrombosis is less, 
buf sfill in excess of 15%. 

Clinical suspicion should be high for any pafienf 
af bed resf for more fhan a few days. Signs of pos¬ 
sible fhrombosis include unilaferal edema of an 
exfremify, pain, eryfhema, palpable cords in fhe calf, 
or Homan's sign. Homan's sign is calf pain wifh 
passive dorsiflexion of fhe foof wifh fhe knee 
slighfly flexed (fo relax fhe gasfocnemii). Of fhese 
indicafors, only unilaferal swelling of fhe leg, ei- 
fher above or below fhe knee, is a reliable discrimi- 
nafory sign of venous fhrombosis.Therefore, 
regular measures of calf and fhigh circumference 
are essenfial in moniforing fhe immobilized pafienf 
for venous fhrombosis. Unforfunafely, Homan's 
sign is presenf in only 10% of documenfed cases of 
deep venous fhrombosis.^™ If is also nonspecific 
when presenf, as if can be presenf in any cause of 
calf inflammafion or herniafed low lumbosacral 
inferverfebral disk.^^^ 

Alfhough fhe differenfial diagnosis of deep 
venous fhrombosis is exfensive, if can be organized 
info general cafegories.™ These include soff fissue 
inflammafory disorders (cellulifis, myosifis, fen- 
donifis), poplifeal (Baker's) cysf, frauma, neoplasm, 
ofher venous disorders (varicose veins, superficial 
fhrombophlebifis, exfrinsic venous compression), 
bone disorders (fracfure, heferofopic ossificafion, 
osfeomyelifis), peripheral arferial disease, arfhrifis, 
peripheral nerve disorders (including radic- 
ulopafhy), sysfemic edema (congesfive hear! fail¬ 
ure, cirrhosis, malnufrifion, pregnancy), and 
lymphedema. A defailed lisfing of fhe differenfial 
diagnosis is available in a fexf devofed fo venous 
fhrombofic disorders. 

Confrasf venography has been fhe sfandard on 
which all noninvasive fechniques for defecfing deep 
venous fhrombosis are compared (see Figures 12- 
13 and 12-14). Alfhough fhis fechnology is ex- 
fremely sensifive and specific, ifs disadvanfages 
include discomforf, confrasf reacfions, and relafive 
expense.Visualizafion of fhe iliac veins can be 


problemafic because of rapid dilufion of confrasf 
in fhe fhese large veins.Of nofe, venography if- 
self can cause deep venous fhrombosis in up fo 3% 
of pafienfs undergoing fhe fesf.^^* Impedence plefh- 
ysmography, a noninvasive fesf which measures 
blood volume in fhe leg by changes in elecfrical 
impedence, is sensifive and specific for defecfing 
proximal lower exfremify deep venous fhrombosis. 
If is quick fo perform and relafively less expensive 
fhan confrasf venography. If is, however, inaccurafe 
for defecfing disfal (calf) deep venous fhrombosis. 

Color-flow Doppler ulfrasonography is a recenf 
advance in using ulfrasound in fhe evaluafion of 
deep venous fhrombosis. Blood flow away from fhe 
fransducer appears blue, while flow toward if is red. 
The intensify of fhe color is proporfional fo fhe flow 
rafe. Sfafionary sfrucfures, such as vessel walls, 
appear gray. Compared fo venography, fhe sensi- 
fivify and specificify of fhis fesf approaches 100% 
for proximal deep venous fhrombosis and shows 
promise for fhe noninvasive diagnosis of disfal (calf 
only) deep venous fhrombosis.A diagnosfic 
algorifhm is presented in Figure 12-15.^^^ 

Thrombosis prophylaxis should reduce fhe inci¬ 
dence of fhis pofenfially life-fhreafening complica¬ 
tion. Simple sfeps fhaf can be faken include elevation 
of fhe legs and use of fhigh-high graduafed-com- 
pression elastic stockings while fhe pafienf is af bed 
resf.^^®'^^^ Infermiffenf pneumafic calf compression 
may be a useful freafmenf fo subsfifufe for fhe re¬ 
duced venous pumping in fhe lower exfremi- 
fies.^®^'^®^ Isomefric exercise of fhe lower exfremifies 
will serve fhe same purpose. A furfher recom¬ 
mended prophylacfic measure is 5,000 unifs of he¬ 
parin subcufaneously fwice daily until fhe pafienf 
is remobilized. If a deep venous fhrombosis is di¬ 
agnosed, fhen anficoagulafion is indicated. Tradi- 
fionally, fhis has meanf infravenous heparinization 
fo achieve an acfivafed partial fhromboplasfin time 
of befween 1.5 and 2.5 times fhe confrol value, and 
initiation of warfarin sodium by fhe second freaf¬ 
menf day.®®® When fhe profhrombin fime (FT) 
reaches fwo times confrol, fhe heparin is disconfin- 
ued (fypically 5 days), and warfarin is mainfained 
for 3 monfhs wifh a FT befween 1.5 and 2.0 times 
confrol.®®^ ®®® FT should be checked fhree times a 
week during fhe firsf week of fherapy, fwice weekly 
for fhe nexf 2 weeks or unfil a sfable dose of war¬ 
farin is achieved, fhen weekly fhereaffer.®®®'®®® 

A clinical frial®®® has found fhaf replacing con¬ 
tinuous infravenous heparin wifh subcufaneously 
administered low molecular weigh! heparin, dosed 
af 175 international facfor Xa inhibifory unifs per 
kilogram of body weigh! once daily is an equally 
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Fig. 12-15. Diagnostic algorithm for the diagnosis of deep venous thrombosis (DVT). Reprinted with permission from 
Satiani B, Rustin R, Biggers K, Bordner L. Noninvasive diagnosis of deep venous thrombosis. Am Fam Physician. 
1991;44(2):569-574. © American Academy of Family Physicians. All rights reserved. 


effective treatment for proximal vein thrombosis 
and allows outpatient treatment of uncomplicated 
thrombi. Thrombolytic treatments have also shown 
promise, especially in preventing symptoms of 
postphlebitic venous insufficiency.^^® Inferior vena 
cava interruption is reserved for patients who de¬ 
velop pulmonary emboli despite adequate antico¬ 
agulation or for those who cannot be anticoagu¬ 
lated. 

Cardiovascular Deconditioning 

Among the major cardiovascular changes that 
occur with immobilization are fluid shift, negative 
fluid balance, orthostatic instability, decreased ex¬ 
ercise tolerance, and loss of blood volume.With 
bed rest, there is a redistribution of body fluids from 
the lower extremities to the central circulation. This 
fluid shift can be in excess of 0.5 and affect 
homeostasis. This has two major consequences: 

1. The heart rate decreases in response to in¬ 
creased central venous pressure, increased left ven¬ 
tricular end diastolic volume, and increased stroke 
volume. Initially, this results in up to a 40% increase 


in cardiac output in the supine position.Cardiac 
output is reduced toward baseline levels through 
reduced heart rate, and blood pressure is controlled 
through reduced peripheral resistance.With 
prolonged bed rest, there is a gradual increase in 
the resting heart rate of an average of 1 beat per 
minute every 2 days up to an overall increase of up 
to 15 beats per minute above basal. 

2. The central venous pressure is reduced through 
negative fluid balance, or excretion. During the first 
week of bed rest there is a corresponding plasma 
volume loss of approximately 7%.^^® There is a par¬ 
allel loss of blood volume, with a resultant 8% de¬ 
crease in red blood cell mass.^^® Although these 
losses stabilize, the result is relative dehydration. 

The impact of these hemodynamic changes be¬ 
comes apparent when, after weeks of bed rest, the 
immobilized subject stands. On standing, the heart 
rate increases by nearly 30% of that of a mobile sub¬ 
ject. Despite the increased pulse, cardiac output falls 
by a similar degree.^^® And although peripheral vas¬ 
cular resistance does increase, it is not sufficient to 
compensate for the reduced stroke volume and the 
blood pressure falls on standing. This orthostatic 
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intolerance is manifested clinically by tachycardia, 
diaphoresis, nausea, and possible syncope.Pos¬ 
tural hypotension occurs when the pulse increases 
by 20 beats per minute and the systolic blood pres¬ 
sure falls by more fhan 20 mm Hg on rising from a 
supine posifion. 

Anofher major consequence of prolonged bed 
resf is reduced aerobic capacify, or exercise foler- 
ance, as a resulf of decreased volume of maximum 
oxygen consumpfion (VO^max). VOjmaxis a func- 
fion of fhe body fo deliver oxygen fo fhe fissues and 
is a producf of maximal cardiac oufpuf and maxi¬ 
mum arferiovenous oxygen difference. Because car¬ 
diac oufpuf does nof increase in response fo exer¬ 
cise fo fhe same degree as if does in fhe nonresfed 
subjecf, reducfions of up fo 46% in V02max have 
been reporfed following 4 weeks of bed resf.^^^ De¬ 
crease in VOjmax occurs whefher fhe pafienf is af 
complefe bed resf or is allowed fo exercise in hed}*^ 
However, fhis loss of VOjmax can be minimized by 
performing isomefric exercise.Finally, if has been 
recenfly observed fhaf leff venfricular afrophy oc¬ 
curs in bedridden elderly pafienfs.^^® 

In affempfing fo mobilize a pafienf who has been 
af bed resf for more fhan 3 fo 5 days, if is imporfanf 
fo monitor blood pressure and pulse fo observe if 
hypofension is occurring. The signs of orfhosfasis 
menfioned above should be looked for. If may be 
necessary fo use a passive filf fable, sfarfing wifh 
only a small angle of incline for relafively shorf 
periods of fime, fo reacclimafe fhe pafienf fo fhe 
nonhorizonfal posifion. The rapidify of progress is 
dependenf on fhe pafienf's tolerance. The longer he 
or she has been af bed resf, fhe longer fhis process 
will fake. 

Vallbona^^ has suggested a regimen fhaf sfarfs 


The era in medical hisfory of employing complefe 
bed resf as a primary freafmenf has passed. The 
complicafions of immobilify generafe sfaggering 
cosfs in healfhcare dollars and resources, and losf 
producfivify can be subsfanfial. 

Implicafions for extended loss of personnel in a 
combaf sifuafion, given fhe mulfisysfem physi¬ 
ologic effecfs and complicafions of immobilizafion, 
are nof inconsequenfial, buf prevenfion of fhese 
complicafions can have a subsfanfial impacf on fhe 
pracfice of milifary medicine. 

All fhe complicafions described in fhis chapter 
can be minimized, if nof prevenfed, by avoiding fhe 


wifh fhe fable af 30° of incline from fhe horizonfal, 
for 1 minufe, fwice a day and builds tolerance af 
fhaf angle gradually unfil fhis angle can be foler- 
afed for 30 minutes fwice a day. Once fhis is accom¬ 
plished, fhe angle can be advanced 5° fo 10° per 
week unfil an angle of 70° is reached, which ap- 
proximafes IG of force. Af IG of force fhe body 
experiences fhe normal accelerafion force of grav- 
ify in fhe uprighf posifion (approximafely 9.8 
m/s^).^^^ From fhis poinf, progressive ambulafion 
can begin. 

While on fhe filf fable fhe pafienf will need fo be 
monitored closely for signs of orfhosfafic hypofen¬ 
sion. Several measures can be added fo assisf in 
mobilizing fhe pafienf and prevenf orfhosfasis. To 
prevenf venous pooling of blood in fhe lower ex- 
fremifies, fhigh-high graduafed-compression elas- 
fic sfockings should be applied. An abdominal 
binder can also assisf in mainfaining venous refurn 
fo fhe hearf. Should eifher of fhese measures prove 
ineffecfive, adrenergic supporf in fhe form of ephe- 
drine, 25 mg by moufh, 20 fo 30 minufes before 
fherapy, can be of assisfance. 

Once fhe pafienf is able fo folerafe fhe uprighf 
posifion, a program of cardiac recondifioning can 
begin. Inifially, exercise acfivify should be limifed 
fo 70% of fhe maximal hearf rafe (roughly 70% of 
220 minus age) or an elevafion in resfing pulse of 
20 beafs per minufe fo begin aerobic condifioning.“ 
The durafion of fhe exercise and how rapidly if can 
be advanced will depend on pafienf folerance. 
Maximum gains in endurance and aerobic capacify 
will be on fhe order of 20% fo 40% per week. The 
program should include bofh warm-up and cool¬ 
down exercises fo prevenf exercise induced ST seg- 
menf depression and posfexercise hypofension.“ 


use of immobilizafion and bed resf as much as is 
pracfical. When necessary, immobilizafion should 
be for as small a region as possible, for fhe shorfesf 
amounf of fime possible. There are very limifed uses 
for prolonged immobilify. When a pafienf is pre¬ 
scribed bed resf, if is fhe responsibilify of fhe care 
providers fo be vigilanf and aggressive wifh infer- 
venfions fo prevenf fhe complicafions fhaf will in- 
evifably resulf from fhe altered homeosfasis. Physi¬ 
cal medicine services can be of greaf assisfance in 
evaluafing, educafing, managing, recondifioning, 
and prevenfing fhe ill effecfs fhaf can befall fhe 
immobilized pafienf. 
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INTRODUCTION 


Despite the rapid modernization of weapon sys¬ 
tems and technological advancements in war-fight¬ 
ing capability, the military profession remains 
physical in nafure. Considerable emphasis is placed 
on physical fraining, physical capacify, and ulfi- 
mafely, on physical readiness, regardless of fhe spe¬ 
cific role or occupafion fhat fhe service member may 
fill. Irrespecfive of peacefime or wartime, service 
members must be prepared to defend fhemselves 
and ofhers abouf fhem, and fo reacf fo emergencies 
as fhey may occur. 

Like other organizations dealing with emergen¬ 
cies, such as police and firefighters, the military 
services emphasize physical fitness for purposes of 
discipline, morale, health maintenance, and physi¬ 
cal appearance in addition to the traditional role of 
meefing fhe physical demands of fhe job. Thus, de- 
spife fhe many changes foward aufomafion, mobil- 
ify, and weapons of mass desfrucfion, fhe milifary 
remains a physical force wifh an emphasis on high 
levels of fifness fhrough formal physical fraining 
programs. Fifness was highlighfed and emphasized 
fo all fhe milifary services in 1981 when fhe Deparf- 
menf of Defense (DoD) issued a new direcfive on 
physical fifness and weighf confrol. The direcfive 
sfafes: 

Physical fifness is a vital component of combaf 
readiness and is essenfial fo fhe general healfh and 
well-being of armed forces personnel. Individual 
members must possess the stamina and strength to 
perform successfully any pofenfial mission. These 
qualifies, fogefher wifh weighf confrol, form fhe 
basis of fhe DoD physical fifness program.^ 

An undersfanding of physical fifness, and 
physical performance and ifs developmenf fhrough 
physical fraining should be an infegral parf of fhe 
fraining of milifary physiafrisfs. An undersfanding 
of normal muscle and exercise funcfion musf be 
presenf before one can repair, treaf, and rehabilifafe 
fhe injured. 


The ferm "physical fifness" is an offen abused 
term that requires some attention and definition. 
Ability to perform physically demanding fasks is a 
funcfion of two groups of factors: (1) facfors fhaf 
defermine fhe capacify for muscular confracfion, 
and (2) facfors fhaf relafe fo fhe neural confrol of 
body movemenf. The laffer, which may be mosf 
correcfly referred fo as motor fitness, includes fhe 
componenfs of neuromuscular confrol, such as 
coordinafion, speed, agilify, and skill, which are 
achieved primarily fhrough repeated pracfice. The 
firsf group of facfors, commonly referred fo as 
physical fitness, are fhose associafed wifh fhe energy 
generafing capacify for muscular exercise. Physical 
fitness is developed fhrough physical-training- 
induced physiological adaptations and will be the 
primary emphasis of fhis chapfer. Thus, we define 
and use fhe ferm physical fifness as fhe energy 
generating capacity to perform physical effort. 

Three disfinct, buf overlapping, energy gener¬ 
afing sysfems for muscular exercise form fhe com¬ 
mon cafegories of physical fifness: (1) sfored energy 
locafed in fhe muscle cell mifochondria in fhe form 
of high energy phosphagens fhat are associated with 
muscle strength, (2) rapidly produced energy in the 
form of phosphagens generafed by fhe anaerobic 
process of glycolysis and associafed wifh muscular 
endurance (or muscular power or anaerobic power), 
and (3) more slowly produced energy in fhe form 
of phosphagens derived from fhe aerobic mefabo- 
lism of various subsfrafes and associafed wifh aero¬ 
bic power (or cardiorespiratory endurance). Because 
each cafegory of fifness involves a distincfly differ- 
enf energy generafing mefabolic pafhway, each also 
requires differenf approaches for developmenf 
fhrough training. This chapter will discuss the 
capacity for exercise, physical performance, and 
fraining adapfafions in fhe confexf of fhese fhree 
cafegories of physical fitness or energy generating 
systems. 


STRUCTURE AND FUNCTION OF SKELETAL MUSCLE 


Physical activity is the result of skeletal muscle 
producing force fhrough fhe process of confracfion. 
This contraction, which produces a pulling action 
against bone, causes a body segment to move about 
its joint axis and thereby produces movement. Body 
movements are actually the result of fhe coordina¬ 
fion befween fhe muscles fhaf are shorfening (con- 


fracfing) and fhose fhaf are opposing fhe movemenf 
by relaxing (referred fo as fhe anfagonisf muscles). 
Mosf muscular acfivify consisfs of fhe highly com¬ 
plex coordinafion of a number of muscles or muscle 
groups. 

When muscles confracf, they do not always 
shorten. There are three types of muscular confrac- 
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ISOMETRIC CONTRACTION 




SINGLE 

MUSCLE 
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Fig. 13-1. The three types of muscular contractions. 


Fig. 13-2. Structure of the skeletal muscle fiber. 


tion: (1) shortening (concentric) contractions, (2) 
static (isometric) contractions, and (3) lengthening 
(eccentric) contractions. Many movements, such as 
walking or lifting and lowering a weight, will in¬ 
volve all three types. These are illustrated in Fig¬ 
ure 13-1. Only in the first case, concentric contrac¬ 
tion, does the muscle actually shorten. In the case 
of a stafic confracfion, fhe force generafed equals 
fhe resisfance to movement and, therefore, no move- 
menf fakes place. In eccenfric confracfions, fhe ex- 
fernal resistance overcomes the force developed 
by fhe muscle and fhe muscle is actively stretched, 
such as in the controlled lowering of a weight to 
the floor. 

Muscle Structure and Contractility 

Skeletal muscle is composed of muscle fissue, as 
well as ifs nerve and vascular supply, and some 
connecfive fissue, and is atfached to bone at each 
end by tendons. The muscle tissue itself is com¬ 
posed of muscle cells, commonly referred fo as 
muscle fibers due fo fheir long and slender shape. 
The sfrucfural makeup of fhe muscle fiber is illus- 
frafed in Figure 13-2. 

Each muscle fiber is composed of numerous myo¬ 
fibrils lying parallel fo each ofher along fhe long 
axis of fhe fiber. Each myofibril is composed of a 
series of sequenfial idenfical unifs referred fo as 
sarcomeres. Each sarcomere can independenfly con- 
fracf. Simulfaneous confracfion of all sarcomeres 
resulfs in fension being generated by the fiber. Each 
sarcomere, in furn, is composed of fwo fypes of pro- 
fein filamenfs: a fhicker filamenf of fhe profein 
myosin and a thinner filament of fhe protein actin. 


The partial overlapping of fhese filamenfs causes 
fhe appearance of bands on fhe myofibril. 

Muscular confracfion is produced by fhe sliding 
of fhe fhin filamenfs past the thicker filaments in a 
telescopic manner as illustrated in Figure 13-3, thus 
shortening the sarcomere. Although not precisely 
known, it is believed that the sliding of fhe filamenfs 
is caused by profruding sfrucfures from fhe myo¬ 
sin molecules called cross-bridges. These cross¬ 
bridges have an affinify for acfin and confain fhe 
enzyme, myosin adenosine friphosphafase (AT- 
Pase), which hydrolyzes high energy phosphafes fo 
release fheir energy for fhe confracfile process. In 
fhe resfing sfafe fhis affinify, and fherefore fhe in- 
feracfion befween fhe fwo filamenfs, is blocked by 
fwo addifional profeins (froponin and fropomyo- 
sin) found in fhe fhin filamenfs. This inhibifion is 
released by calcium ions (Ca'’*'*'). As Ca*'*^ binds fo 
froponin and fropomyosin, fhe acfin is freed fo bind 


REST 


MYOSIN FILAMENT 
ACTIN 



Fig. 13-3. Depiction of the sarcomere shortening process 
during muscular contraction. 
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with myosin. The energy then released through the 
hydrolysis of adenosine triphosphate (ATP) causes 
the cross-bridges to pull the filaments past each 
other, possibly in a ratchet-like motion. Muscle con¬ 
traction is initiated by an increased concentration 
of Ca^^ in fhe myofibril fo inifiafe fhis chain of 
evenfs. The reader is referred fo Asfrand and 
RodahP for furfher discussions of fhe mechanisms 
of sarcomere shorfening and force developmenf 
wifhin fhe muscle fiber. 

Fiber Types 

Skelefal muscle fibers are nof homogenous. Hu¬ 
man skelefal muscle is composed of fwo disfincf 
populafions of fibers fhaf differ in ferms of chemi¬ 
cal makeup and confracfile characferisfics: fype 1, 
commonly referred fo as slow fwifch fibers; and 
fype 2, fasf fwifch fibers. Type 2 fibers may also be 
divided info fwo or fhree subfypes. 

Type 1 fibers are funcfionally characferized by a 
relafively long buildup fime fo peak fension (80-100 
ms). This build up is fhe resulf of fhe low number 
of fibers innervafed by each neuron (mofoneuron). 
Type 1 fibers have high mitochondrial and capil¬ 
lary densifies fhaf resulf in fheir high capacify for 
oxidafive phosphorylafion. Thus, fhey are parficu- 
larly suited for aerobic acfivifies and are relafively 
resisfanf fo fafigue. Type 2 fibers, in confrasf, are 
characferized by fasf rise fime fo peak fension (40 
ms), and having a high fiber-fo-mofoneuron rafio, 
reach relafively high peak tensions. These fibers are 
characferized by high concenfrafions of fhe anaero¬ 
bic glycolyfic enzymes, such as ATPase. They are 
parficularly suifed for brief, intense periods of ac- 
fivify buf are rapidly fafigued. 

Type 2 fibers can be furfher divided info fhe sub¬ 
fypes 2a and 2b, based on fheir enzyme confenf and 
acfivify. Type 2a fibers fend fo be biochemically in- 
fermediafe befween 2b and 1. The reader is referred 
fo fhe review by Salfin and Gollnick^ for more de- 
failed descripfions of fiber characferisfics. These fi¬ 
ber fypes can be disfinguished by fhe sfrengfh wifh 
which fhe enzyme myofibrillar ATPase binds fo 
myosin as defecfed wifh hisfochemical sfaining 
(Figure 13-4). 

Fiber Type Distribution 

The relafive disfribufion of fype 1 and 2 fibers 
varies befween muscle groups and befween indi¬ 
viduals. While major muscles of propulsion, such 
as fhe vasfus laferalis and gasfrocnemius, are, on 



Fig. 13-4. Muscle cross-section showing different fiber 
types by the density of histochemical staining for ATPase. 
Darkest fibers are type 2, lightest are type 1, and inter¬ 
mediate density are types 2a and 2b. 


average, approximately evenly divided between the 
two fiber types, postural muscles, such as the soleus 
that sustain tension over long periods, have about 70% 
of type 1. While muscles such as the vastus lateralis 
are, on average, evenly distributed between the two 
types, individual differences range from 10% to 
95%.^ For example, high ratios of type 1 are often 
found in elite endurance athletes, while elite sprint¬ 
ers and weight lifters typically show high type 2 fi¬ 
ber counts. Their athletic success appears to be re¬ 
lated in part to their natural endowment with a 
particular fiber type. Fiber typing has been employed 
to predict potential success in a particular sport. 

The proportion of fiber types in an individual is 
genetically determined. Fiber type is dictated by its 
innervation, which is established early in fetal de¬ 
velopment. A particular motoneuron innervates 
only one type of fiber. A fiber retains its nominal 
characteristics throughout life, and, therefore, the 
relative distribution of types remains unchanged. 
Intense physical training will cause a fiber's chemi¬ 
cal and contractile characteristics to partially shift 
toward that favored by the type of training, but this 
shift is temporary and lasts only as long as the train¬ 
ing stimulus is continued.^ 

Neural Control of Muscle Activity 

Muscle Innervation 

Voluntary skeletal muscle function is controlled 
by the motor unit. The motor unit is composed of 
the anterior (alpha) efferent motoneuron cell; its 
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Fig. 13-5. The motor unit. 

axon, the motor endplate, and the muscle fibers in¬ 
nervated by it (Figure 13-5). Each neuron innervates 
multiple fibers, buf all of fhe same type. Muscles 
involved in fine movemenfs have low neuron-fo- 
fiber rafios, while muscles concerned wifh gross 
movemenfs have high rafios. The efferenf mofoneu- 
ron has a corresponding sensory afferenf nerve unif 
consisfing of a muscle spindle (sensory receptor) 
and sensory neuron fhaf synapses wifh inferneu- 
rons in fhe spinal cord, which in furn, synapse wifh 
fhe efferenf neuron. This is referred to as fhe reflex 
arc. The reflex arc provides fhe feedback and con- 
frol fhaf many physical movemenfs require. 

To produce muscle confracfion, fhe nerve im¬ 
pulse emanafes from fhe brain or spinal cord and 
fravels along fhe neuron fo fhe muscle across an 
inferface referred fo as fhe motor endplafe or neu¬ 
romuscular juncfion. Transfer of fhe elecfrical sig¬ 
nal from fhe nerve across fhe juncfion is accom¬ 
plished by fhe chemical (neurofransmiffer), acefyl- 
choline. Acefylcholine is sfored in, and fhen released 
by fhe nerve signal from, sac-like vesicles af fhe end 
of fhe ferminal axons. Acefylcholine released info 
fhe inferface enfers fhe posfsynapfic membrane on 
fhe surface of fhe muscle fiber, causing if fo depo¬ 
larize by allowing fhe movemenf of sodium and 
pofassium ions. Depolarizafion fhen spreads along 
fhe enfire fiber fo produce fhe confracfion. Repo- 
larizafion begins when fhe acefylcholine is de- 
sfroyed by fhe enzyme cholinesferase. The end 
producfs are used fo resynfhesize acefylcholine. 

Force Development 


all of fhe innervafed fibers resulfing in a fwifch, a 
rise in muscle fension followed by relaxafion. If 
consecufive acfion pofenfials reach fhe muscle be¬ 
fore relaxafion is complefe, confracfion will occur 
again, buf if will sfarf af a higher level and rise each 
fime fo a higher fension, called summation. Af high 
rafes of sfimulafion, no relaxafion occurs and fhe 
fension remains consfanf (fefanus), creafing a sfafe 
of mechanical fusion of fhe confracfions (Figure 13-6). 

Inifial fension produced during sfimulafion of a 
muscle musf firsf overcome fhe resisfance produced 
by cerfain componenfs of fhe muscle, parficularly 
fhe connecfive fissue, fendons, and elasficify in fhe 
cross-bridges. This resisfance is referred fo as fhe 
series elastic component and musf be overcome be¬ 
fore exfernal force is produced. The series elasfic 
componenf is comparable fo a spring fhaf musf be 
sfrefched before an acfion fakes place. 

Muscle Control 

Neural confrol of muscle confracfile force can be 
broughf abouf in fwo ways: (1) by adjusfing fhe fre¬ 
quency or fhe paffern of sfimuli and (2) by adding 
addifional mofor unifs. As poinfed ouf earlier, in¬ 
creasing fhe rafe of acfion pofenfials along a mofor 
unif will produce increased fension up fo fefanus. 
The more imporfanf mechanism, however, is 
fhrough fhe addifion of more mofor unifs, referred 
fo as motor recruitment. High muscle forces can be 
generafed by bringing info play numerous mofor 
unifs. The producfion and regulafion of fension is 
a complex funcfion of infegrafing fhe rafe of acfion 
pofenfials, recruifmenf of mofor unifs, fhe type of 
fibers being recruifed, and fhe synchrony of fhe fir¬ 
ing paffern. For example, in weighf liffing fhere is 
fypically a synchronous paffern (simulfaneous fir¬ 
ing) of fasf fwifch mofor unifs firing. Running, on 
fhe ofher hand, is more fypically asynchronous, 
where some unifs, predominanfly slow fwifch, are 
firing while ofhers are recovering. 



A single nerve impulse along fhe alpha mofoneu- 
ron will produce an acfion pofenfial fhaf spreads fo 


Fig. 13-6. Muscular tension during twitch, summation, 
and tetanus. 
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Muscle Fatigue 

The term fatigue might best be defined, in refer¬ 
ence fo physical acfivify, as the loss of muscular 
power or exercise capacify. If maximal volunfary 
force is exerfed, fhaf maximal force oufpuf can only 
be mainfained for a few seconds before the fiber mi- 
fochondria are deplefed of fheir phosphagen sfores 
and fhe fension begins fo decrease, fhus, "fafigue." 
If an individual runs af fhe level of his maximum 
oxygen consumption (V 02 max), fhaf exercise infen- 
sify can only be mainfained for 5 fo 10 minufes affer 
which he musf sfop or reduce the intensity level, 
again referred fo as a loss in capacify or fafigue. 

The cause and locafion of fafigue depend on fhe 
nafure of fhe muscular acfivify. In mosf cases, fhe 
confracfile mechanism wifhin fhe muscle is impli- 
cafed, rafher fhan fhe neural signal to the muscle. 
In some cases of very infense efforf when all motor 
unifs are presumably acfivafed, decreases in action 
pofenfials or failure for fhe action pofenfial fo cross 
fhe neuromuscular junction have been defecfed. 
More common, however, is the situation where the 
neural impulse to the muscle is maintained, but fail¬ 
ure occurs in fhe fibers. This loss in confracfile ten¬ 
sion in the fibers is mosf offen fhe resulf of eifher 
insufficienf energy subsfrafe or insufficienf blood 
flow to the muscle tissue. The latter impairs oxy¬ 
gen (O 2 ) delivery to the cells and the removal of 
fhe mefabolic end-producfs, wafer, and heaf. These 
condifions will inferfere wifh fhe confracfile mecha¬ 
nism of fhe myofibrils by preventing fhe repletion 
of the high energy phosphate stores, interfering 
wifh the energy transfer process, or disrupting the 
depolarization of fhe myofibrils, or bofh. In fhe case 
of an infense isomefric confracfion, pressure builds 
in fhe fissue fhrough accumulafion of fluid so fhaf 
tissue pressure exceeds arferial pressure and im¬ 
pedes blood flow in and ouf of fhe muscle, resulf- 
ing in anoxia and failure of fhe fibers fo mainfain 
tension. Causes of fafigue in rhyfhmic and whole 
body exercise will be discussed in lafer sections. 

Energy Transformation Within the Muscle 

As already pointed out, the energy required to 
cause the filaments to slide together for muscle fo 
shorfen and produce tension is derived from high 
energy phosphafe bonds provided by ATP. ATP con- 
sisfs of a molecule of adenosine linked to three 
phosphate groups. The two linking bonds of fhe 
oufermosf group are referred fo as high energy 
bonds because of fheir high pofenfial energy. This 
pofenfial energy is released fo myofibril profeins 


when ATP is hydrolyzed, breaking fhe oufer bond, 
and leaving adenosine diphosphafe (ADP). This 
energy can be released immediafely from ATP in 
the cells' mitochondria without the presence of O 2 . 
Such stored ATP is fhe immediafe source of energy 
for fhe initiafion of exercise or a brief exercise bouf, 
such as fhe tiffing of a weighf. However, fhe amounf 
of sfored ATP is sufficienf for only a few seconds of 
maximal confracfions. For muscle confracfion fo 
confinue, fhe ATP musf be resynfhesized. Energy 
for fhis resynfhesis comes from anofher energy-con- 
faining phosphafe compound, creafine phosphafe 
(CP), which is much more plentiful in fhe cell. 

Hydrolysis of CP provides fhe energy for fhe re- 
generafion of ATP from ADP. Energy for fhis frans- 
fer of phosphafe bonds (phosphorylafion) comes 
from fhe oxidation of carbohydrafes, fafs, and pro¬ 
teins in consumed foods. During fhis oxidafion pro¬ 
cess, hydrogen afoms are removed from fhese nu- 
frienf subsfrafes. Wifhin fhe cells' mifochondria, 
elecfrons are removed from fhese hydrogen afoms 
and passed by elecfron recepfors fo molecular O 2 
fo produce fhe energy for ATP resynfhesis. These 
elecfron recepfors are fhe coenzymes, nicotinamide 
adenine-dinucleotide (NAD+) and flavin adenine 
dinucleotide (FAD). These coenzymes are found in 
the B vitamins, niacin and riboflavin, respecfively. 
They each gain hydrogen and elecfrons fo become 
NADH and FADH 2 , respecfively. Elecfrons carried 
by fhese molecules are fhen passed along fhrough 
a series of five iron-profein elecfron carriers, fhe 
cyfochromes. The lasf cyfochrome passes fhe elec¬ 
frons fo molecular O 2 . During fhis elecfron fransfer 
process, chemical energy is frapped in the forma¬ 
tion of fhe high energy phosphafe, ATP. Over 90% 
of ATP formafion fakes place during fhis elecfron 
fransfer process, referred fo as oxidative phospho¬ 
rylafion. The reaction can be represented as follows: 

NADH -t H+ -t 3 ADP -t 3 P -t Vi O 2 —> 
NAD+ -t H 2 O -t 3 ATP 

If is fhus apparenf fhaf for fhe resynfhesis of ATP 
and muscular confracfion to proceed beyond a few 
seconds, fhe muscle cells musf have available fo 
fhem fhe nufrienf subsfrafes, enzymes, and coen¬ 
zymes for elecfron fransfer, as well as O 2 . The lack 
of any of fhese during fhe energy generafing pro¬ 
cess will resulf in inabilify fo confinue furnishing 
fhe fibers wifh energy excepf fhrough fhe more lim¬ 
ited and temporary pathway of anaerobiosis. The 
laffer leads fo fhe formafion of lacfic and pyruvic 
acid, which musf evenfually be oxidized or recon¬ 
verted to glucose or glycogen. 
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PRINCIPLES OF EXERCISE PHYSIOLOGY 


Energy Transfer in Exercise 

Dynamic exercise provides the greatest demand 
for the expenditure of energy by the human body. 
During such exercise, the ability to produce power 
through energy transformation represents the most 
important consideration for physical performance. 
In events that feature the expression of maximal 
power, for example, maximal lifting or pushing, the 
energy output from the exercising muscles may be 
as much as 120-fold greater than from the muscles 
at rest, with the energy coming almost entirely from 
the stored phosphagens. During less intense but 
sustained exercise, such as long distance running, 
the energy requirement may be 20- to 30-fold above 
a resting condition. However, in this situation vir¬ 
tually all of the energy is provided by aerobic meta¬ 
bolic processes, and the power output is in the range 
of 25% to 30% of maximal potential power. Therefore, 
the relative contribution of the body's various means 
for energy transfer can differ markedly, depending 
on the intensity and duration of exercise, and the 
power capacity (fitness) of the participant. The stored 
phosphagens, anaerobic glycolysis, and the aerobic 
or oxidative system are the energy systems which 
support the wide range of physical activities and 
power outputs of which humans are capable. 

Immediate Energy: The Phosphagen System 

Physical activities of short duration and high in¬ 
tensity, where the power developed by the exercis¬ 
ing muscle is near or at maximal level, require an 
immediate and rapid supply of energy. This energy 
is provided almost exclusively from the high-energy 
phosphates, ATP, and CP, stored within specific 
muscle fibers and activated during the exercise. 

Approximately 5 mmol of ATP and 15 mmol of 
CP are stored within each kilogram of muscle.^ For 
a 70-kg person with a muscle mass of 30 kg, this 
represents between 570 and 690 mmol of high-en¬ 
ergy phosphates. If 20 kg of muscle are activated 
during exercise, then there is sufficient stored phos¬ 
phate energy to walk briskly for about 1 minute, 
run a cross-country race for 20 to 30 seconds, or 
perform sprint activities for about 6 seconds.® 

All types of physical activity require the utiliza¬ 
tion of high-energy phosphates, but many, as stated 
above, rely almost exclusively on those available 
from muscle stores. For longer duration exercise and 
for recovery from maximal exertion, additional en¬ 
ergy must be generated for the replenishment of ATP. 


Short-Term Energy: Anaerobic Glycolysis 

For strenuous exercise to continue beyond a brief 
period of time, high-energy phosphates must be 
continually resynthesized at a rapid rate. During 
exercise lasting beyond a few seconds, energy to 
phosphorylate ADP comes mainly from glucose and 
stored glycogen during the anaerobic (O 2 lacking) 
process of glycolysis, with the resulting formation 
of lactic acid. This allows for the rapid formation 
of ATP by substrate-level phosphorylation, even 
though the O 2 supply is inadequate or the energy 
demands outstrip the capacity for ATP resynthesis 
aerobically. This anaerobically generated energy for 
ATP resynthesis can be thought of as reserve fuel 
that is brought into play during the final seconds 
of a mile run. In addition, it is of critical importance 
to supply the rapid energy above that available from 
stored phosphagens during such events as the 440- 
yd run or 100-yd swim. 

Eong-Term Energy: The Aerobic System 

Although the energy released in glycolysis is 
rapid and does not require O 2 , relatively little ATP 
is resynthesized in this manner. Consequently, aero¬ 
bic reactions provide the important final stage for 
energy transfer, especially if vigorous exercise ex¬ 
ceeds several minutes. 

During relatively low intensity, long duration 
exercise, the amount of O 2 consumed rises rapidly 
during the first few minutes. By the third or fourth 
minute, a plateau is reached where the oxygen con¬ 
sumption (VO 2 ) remains relatively stable for the 
remainder of the exercise period. This steady 
rate reflects a balance between the energy requir¬ 
ed by the exercising muscles and the rate of ATP 
production through aerobic metabolism. Thus, oxy¬ 
gen-consuming reactions supply the energy for ex¬ 
ercise, and any lactic acid produced is either oxi¬ 
dized or reconverted to glucose. Under steady-rate 
metabolic conditions, lactic acid accumulation is 
minimal. 

The Energy Continuum of Exercise 

Figure 13-7 illustrates the relative contribution 
of the three energy sources during various dura¬ 
tions of exercise. The actual contribution that each 
source makes to total energy provision, however, 
is difficult to determine. Recently, it has been esti¬ 
mated® that the maximal power of the phosphagen 
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SHORT TERM SYSTEM 



EXERCISE DURATION 


Fig. 13-7. Relative contribution of the three energy 
sources as a function of exercise duration. Reprinted with 
permission from McArdle W, Katch F, Katch V. Exercise 
Physiology, Energy, Nutrition, and Human Performance. 3rd 
ed. Philadelphia, Pa: Lea & Febiger; 1991. 

system is reached within 10 seconds, while that of 
the glycolytic system occurs between 16 to 30 sec¬ 
onds of maximal exercise. Exercise performances of 
longer durafion require an increasing dependence 
on O 2 fo meef fhe energy requiremenfs of fhe exer¬ 
cising muscle. As seen in Figure 13-7, approximafely 
50% of fhe energy requiremenf is mef by oxidafive 
energy sources by 60 seconds of maximal exercise, 
while af 120 seconds, fhis percenfage has reached 
nearly 80%. However, if musf be recognized fhaf 
energy provision for physical exercise is nof linked 
sequenfially, and fhaf considerable overlap among 
fhe fhree sysfems occurs. 

Pulmonary Function During Exercise 

Dynamic exercise increases the requirement for 
fhe ufilizafion of O 2 and fhe producfion of carbon 
dioxide (CO 2 ) af fhe cellular level. Thus, fhe pro¬ 
cess of pulmonary venfilafion musf keep pace fo 
allow venous blood fo become oxygenafed and 
fo mainfain arferial CO 2 and hydrogen-ion homeo- 
sfasis. Indeed, fhe venfilafory confrol mechan¬ 
isms keep arferial CO 2 fension, hydrogen-ion con- 
cenfrafion, and O 2 fension remarkably consfanf 
despife fhe marked increase in CO 2 producfion and 
O 2 ufilizafion. The excepfions are when exercise 
is severe enough fo produce an elevafion in fhe 
blood lacfic acid concenfrafion, or during exercise 
af high alfifude, or in cerfain pafhophysiologic 
sfafes.^ 


Regulation of Ventilation During Exercise 

The mechanisms involved in fhe regulafion of 
venfilafion are complex and nof fully undersfood. 
Informafion is relayed fo fhe medulla fhrough 
elaborafe neural circuifs from higher cenfers in fhe 
brain, from fhe lungs, and from ofher sensors 
fhroughouf fhe body fhaf confribufe fo fhe confrol 
of venfilafion. In addifion, fhe gaseous and chemi¬ 
cal sfafes of fhe blood fhaf reaches fhe medulla and 
fhe chemorecepfors in fhe aorfa and carofid arfer- 
ies also acf fo confrol alveolar venfilafion. As a re- 
sulf, relafively consfanf alveolar gas pressures are 
mainfained even during exhausfive exercise. 

Ventilation in Steady-State Exercise. The venfi¬ 
lafory response fo consfanf-infensify exercise is 
characferized by fhree phases (Figure 13-8): (1) an 
abrupf increase in venfilafion wifh fhe onsef of ex¬ 
ercise (phase I); (2) a furfher, more gradual increase 
fo a sfeady sfafe (phase II); and (3) a sfeady-sfafe 
level (phase III). The magnifude of fhe response in 
phase I varies wifh fhe exercise infensify as well as 
among individuals. Af moderafe levels of exercise, 
fhis response may accounf for as much as 50% of 
fhe fofal response (phase III) while af higher exer¬ 
cise infensifies, if represenfs a much smaller frac- 
fion of fhe phase III response. 

The increase in venfilafion fhaf occurs wifh mod¬ 
erafe exercise is primarily fhe resulf of an increase 
in fhe depfh of respirafion. However, as exercise 
becomes more sfrenuous, fhere is an accompany¬ 
ing increase in breafhing frequency. Af cessafion of 
exercise, fhere is an abrupf decrease in venfilafion, 
followed by a gradual, exponenfial decline fo 
preexercise levels. 



Fig. 13-8. The three phases of the ventilatory response 
during steady-state exercise. 
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Control of Ventilation. The rapid response of the 
ventilatory system at both the onset and cessation 
of exercise strongly suggests that this portion of 
exercise hyperventilation is mediated by both cor¬ 
tical and peripheral neurogenic factors. Neural out¬ 
flow from regions of the motor cortex, as well as 
cortical activation in anticipation of exercise, stimu¬ 
lates the respiratory neurons in the medulla. In ad¬ 
dition, afferent impulses from proprioceptors in 
muscles, tendons, and joints may influence the ven¬ 
tilatory adjustments to exercise. Although such pe¬ 
ripheral receptors have not been identified, experi¬ 
ments involving electrical stimulation of muscles, 
and voluntary exercise with muscle blood flow oc¬ 
cluded, support the existence of such mechanore- 
ceptors in producing a reflex hyperventilation.® 
The more gradual increase in ventilation during 
exercise is presumably due to gaseous or chemical 
humoral factors even though arterial pH, partial 
pressure of carbon dioxide (PCO 2 ), and partial pres¬ 
sure of oxygen (PO 2 ) remain constant during mod¬ 
erate exercise. An increase in body temperature may 
play a role since it has a direct stimulating effect on 
the neurons of the respiratory centers in the me¬ 
dulla, and probably exerts some control over ven¬ 
tilation in prolonged exercise. In addition, it may 
be that the sensitivity of the respiratory center to 
CO 2 is increased or that the respiratory fluctuations 
in arterial PCO 2 increase so that, even though the 
mean arterial PCO 2 does not rise, it is CO 2 that is 
responsible for the increase in ventilation. Thus, the 
control of ventilation during moderate exercise is 
not the result of any single factor but rather the com¬ 
bined, and perhaps simultaneous, result of several 
humoral and neural stimuli.® 

Ventilation in Non-Steady-State Exercise. In 
exercise where the intensity is not constant but in¬ 
creases steadily, the minute ventilation and the rates 
of VO 2 and CO 2 production increase linearly until 
a level corresponding to approximately 60% (VO 2 
of 2.5 L/ min) of the individual's maximal exercise 
capacity is reached (Figure 13-9). Above this level 
of exercise intensity, the relationship between minute 
ventilation and VO 2 becomes curvilinear, increasing 
disproportionately with the increase in VO 2 . As a re¬ 
sult, the ventilatory equivalent (ratio of ventilation to 
VO 2 ) may increase to 35 or 40 L of air per liter of oxy¬ 
gen consumed. During moderate, steady rate exer¬ 
cise, this ratio is usually maintained at about 25:1. 

During moderate, steady-rate exercise, sufficient 
O 2 is supplied to the exercising muscles. Under 
these conditions, lactic acid production does not 
exceed lactic acid uptake and there is no increase 
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Fig. 13-9. Ventilatory response during non-steady-state 
exercise. 

in blood concentration of lactic acid. However, as 
exercise intensity increases, blood lactate begins to 
increase above baseline levels. The baseline level is 
termed the lactate threshold or point of onset of blood 
lactate accumulation (OBLA). This normally occurs 
at an exercise intensity equivalent to 55% to 65% of 
the V02max in healthy, untrained individuals. Al¬ 
most all of this excess lactic acid is buffered by the 
sodium bicarbonate system so that hydrogen ion 
concentration is maintained within acceptable lim¬ 
its. The excess, nonmetabolic CO 2 released by this 
buffering system stimulates an increase in ventila¬ 
tion and the CO 2 is exhaled into the atmosphere. 

The exact cause of OBLA is controversial.^® It has 
been assumed that OBLA represents an anaerobic 
state within the muscle. However, it has been 
shown^® that muscle lactic acid accumulation is not 
necessarily linked to muscle anaerobiosis. Lactic 
acid can accumulate in the presence of adequate 
muscle oxygenation, implying an imbalance be¬ 
tween lactic acid appearance in the blood and its 
subsequent rate of disappearance. This imbalance 
may not be only a result of muscle anaerobiosis, but 
also due to decreased lactic acid clearance, or in¬ 
creased lactic acid production in specific muscle fi¬ 
bers. Thus, caution is urged in interpreting too 
broadly the specific metabolic significance of OBLA. 

Cardiovascular Function During Exercise 

In understanding the function of the cardiovas¬ 
cular system during exercise, one must balance the 
interactions of the heart, blood vessels, and the ner¬ 
vous system. In addition, an integrative approach 
must be taken to fully appreciate the response by the 
cardiovascular system to the stimulus of exercise and 
the adaptations which occur with physical training. 
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Oxygen Consumption and Cardiac Output 

As the intensity of exercise increases, the heart 
responds by increasing cardiac output (C.O.) in a 
linear fashion fo meef increased mefabolic de¬ 
mands. C.O., fhe producf of sfroke volume (SV) and 
hear! rafe (HR), increases approximafely 6 L/min 
for every 1 L/min increase in V02.^^ This relafion- 
ship is remarkably consisfenf during all fypes of 
exercise. The precise mafching of C.O. and VO 2 is 
broughf abouf by an infricafe sysfem of sensory 
nerves fhaf informs fhe brain of fhe body's needs. 
Indeed, fhe maximum rafe of V02max is largely 
influenced by maximal C.O. Maximum oxygen con- 
sumpfion is defined as: 

V02max = HRmax • SVmax • a-v02diffmax 

where fhe laffer is fhe maximal difference befween 
fhe arferial and mixed venous oxygen confenf. 
The a-v02diffmax represenfs fhe body's abilify fo 
exfracf and ufilize O 2 delivered by fhe blood fo 
fhe fissues. Wifh an increase in exercise infensify, 
more arferial blood is direcfed fo fhe confracfing 
muscles which exfracf more O 2 ; fherefore, less 
oxygen is leff in venous blood and fhe a-v 02 diff 
increases. 

Heart Rate 

The nerves fhaf confrol HR originafe in fhe me¬ 
dulla. As a person moves from resf fo mild exer¬ 
cise, fhe increase in HR up fo approximafely 100 
beafs / min is predominanfly caused by suppression 
of parasympafhefic acfivify, fhaf is, fhe normally 
occurring parasympafhefic inhibifion is removed. 
Increases beyond 100 beafs/min are broughf abouf 
primarily by sfimulafion of fhe sympafhefic 
nerves. 

The medulla, as previously seen for venfilafion, 
receives sensory inpufs from many areas in confrol 
of HR. One of fhe mosf imporfanf of fhese areas is 
fhe motor corfex. This parf of fhe brain musf pro¬ 
gressively recruif more muscle fibers as exercise 
becomes more infense and as previously recruifed 
fibers fafigue. As more fibers are recruifed, fhe 
motor corfex simulfaneously sfimulafes fhe medulla 
fo increase HR (as well as venfilafion, blood pres¬ 
sure [BP], efc.). The medulla also receives inpuf 
from nerves in fhe confracfing muscles fhaf are sen- 
sifive fo changes in fhe chemical environmenf and 
signal a need for increased blood flow. Thus, while 
fhe medulla receives many fypes of inpufs fhaf af- 
fecf fhe regulafion of HR, inpufs from fhe mofor 


corfex and fhe muscle are among fhe mosf impor¬ 
fanf during exercise. 

In exercise where a large muscle mass is in¬ 
volved, for example, running, swimming, cross- 
counfry skiing, and where fhe infensify is sufficienf 
fo elicif V 02 max, fhe medulla acfivafes fhe sympa¬ 
fhefic nerves fo fhe hearf fo increase ifs rafe fo maxi¬ 
mum. As a rule, HRmax is approximafely 220 mi¬ 
nus fhe individual's age in years. The decrease in 
HRmax wifh age is caused by a decreased sympa¬ 
fhefic drive from fhe medulla. 

Exercise involving a relafively small muscle 
mass, such as weigh! liffing wifh fhe arms, is un¬ 
likely fo raise HR much above 150 beafs/min, even 
wifh maximal power producfion.^'^ This lower maxi¬ 
mal HR is a funcfion of fhe reduced inpuf fo fhe 
medulla from bofh fhe mofor corfex and fhe exer¬ 
cising muscles, so fhaf fewer muscle fibers are be¬ 
ing recruifed. 

HR may be similar during differenf fypes of 
physical acfivify, in which fhe VO 2 varies consider¬ 
ably. For example, performing upper body exercise, 
such as arm curls af an HR of 130 beafs/min re¬ 
quires much less VO 2 fhan does running af fhe same 
HR because a much smaller muscle mass is involved 
in fhe arm exercise. Thus, when exercise framing is 
prescribed solely on fhe basis of HR, imporfanf ex¬ 
ercise effecfs on fhe hearf may be overlooked. 

Arterial Blood Pressure 

Informafion abouf BP is relayed fo fhe medulla 
by sensory nerves from barorecepfors in fhe aorfa 
and carofid arteries. In furn, appropriafe adjusf- 
menfs in C.O. and blood vessel diameter are made 
fo mainfain BP af a suifable level. BP is fhe producf 
of C.O. and fofal peripheral resisfance (TPR), fhe 
laffer being defermined primarily by fhe exfenf fo 
which small arferial vessels are consfricfed. 

During exercise, such as running, systolic BP in¬ 
creases moderafely as fhe infensify increases, 
largely because increased C.O. forces more blood 
info fhe arferial sysfem, while TPR decreases 
slighfly.^^ On fhe ofher hand, during weigh! liffing, 
when a small muscle mass confracfs very infensely, 
especially during an isomefric confracfion, sysfolic 
BP can rise fo very high levels.^® This occurs because 
infensely confracfing muscles compress small arfer- 
ies in fhose muscles and drive TPR up af fhe same 
fime fhaf C.O. is increasing. 

Diastolic BP does no! change much during exer¬ 
cise involving large muscle groups, even when fhere 
is an increase in fhe infensify of fhe exercise. How¬ 
ever, during weigh! liffing or during isomefric con- 
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tractions with small muscle mass, progressively 
more small arteries are compressed and even closed 
completely as contractions become more intense. 
Thus, during this type of exercise, diastolic BP rises 
progressively, and TPR is progressively increased, 
even during cardiac filling.^'’ 

Blood Flow Distribution 

Increased C.O. during exercise must be appro¬ 
priately distributed to the various regions of fhe 
body. This disfribufion of blood depends on fhe 
degree fo which fhe small arferies in fhe exercising 
muscles, resfing muscles, and ofher regions of fhe 
body are open, and is confrolled fo a large exfenf 
by fhe medulla and by chemical changes fhaf occur 
in fhe confracfing muscle. As exercise infensify in¬ 
creases, local vasodilator subsfances released by fhe 
confracfing muscle fibers relax fhe smoofh muscle 
of fhe arferial walls, causing fhe arferies fo dilafe, 
and allowing more blood fo perfuse fhe muscle.^® 
In fheory, in heavy exercise involving many muscle 
groups, local vasodilafors could cause arferial di- 
lafion fo fhe exfenf fhaf blood flow approaching 60 
L/min would occur.'^ Since maximal C.O. rarely 
exceeds 35 L/min, even in elife afhlefes, such de¬ 
grees of vasodilafion would cause a sharp drop in 
BP reducing blood flow fo fhe brain and hearf. How¬ 
ever, neural oufflow from fhe medulla, which leads 
fo vasoconsfricfion of vessels in acfive muscle and 
in ofher regions of fhe body, can compensafe for any 
excessive local vasodilafion,^^ buf in so doing, blood 
flow fo fhe exercising muscle may be limited, or less 
fhen mefabolic demands require. 

As exercise infensify increases, fhe medulla di- 
recfs sympafhefic vasoconsfricfor sfimuli fo fhe ar¬ 
feries fhaf supply fhe stomach, infesfines, liver, and 
kidneys, as well as inacfive muscles, reducing blood 
flow so fhaf a greater fracfion of blood is direcfed 
fo fhe exercising muscles. Arferial vessels in fhe skin 
are also consfricfed af fhe onsef of exercise, buf fhis 
effecf is ordinarily reversed as fhe core femperafure 
rises. 

Wifh an increasing heaf load, femperafure con- 
frol cenfers in fhe hypofhalamus insfrucf fhe me¬ 
dulla fo dilafe vessels in fhe skin so fhaf heaf can 
be dissipated fo fhe environmenf. However, when 
exercise infensify exceeds 80% fo 90% of V02max, 
blood flow fo fhe skin may again be reduced be¬ 
cause fhe femperafure regulafion needs of fhe body 
are overridden by fhe requiremenf fo mainfain BP.^^ 
In essence, fhe muscles and fhe skin compefe for 
blood flow during heavy exercise, and when con- 
fronfed wifh fhis choice, fhe medulla defermines 


fhaf fhe muscles win. As a consequence, fhe reduced 
skin blood flow can cause marked increases in body 
femperafure. 

Stroke Volume 

Sfroke volume increases from resf fo mild exer¬ 
cise (up fo approximately 50% V02max) and fhen 
remains fairly sfable wifh increasing exercise infen¬ 
sify. During exercise involving a small muscle 
mass, SV is relafively low due fo fhe high TPR fhaf 
is presenf. This rise in TPR causes so much resis- 
fance fo blood flow fhaf SV is reduced; conse- 
quenfly, fhe flow of blood back fo fhe righf side of 
fhe hearf is lowered. This reducfion in venous re- 
furn fo fhe hearf furfher compromises fhe abilify of 
fhe hearf fo effecfively pump blood. 

In confrasf, exercise wifh a large muscle mass 
elicifs a larger SV because fhe relafively low TPR 
resulfs in a much larger muscle blood flow. Venous 
refurn fo fhe hearf is enhanced as well, sfimulafing 
barorecepfors in fhe righf side of fhe hearf and in 
fhe pulmonary circulafion.^^These low pressure re¬ 
ceptors send sensory signals fo fhe medulla fhaf 
cause if fo decrease TPR in fhe exercising muscles, 
fhereby counferacfing fhe increased C.O. fo main- 
fain a sfable BP simulfaneously wifh a high muscle 
blood flow and a large venous refurn fo fhe hearf. 


TABLE 13-1 

ACUTE RESPONSES TO MAXIMAL EXERCISE 
IN A YOUNG ADULT MAN 


Variable 

Rest 

Exercise 

Ratio 

O 2 uptake (L/ min) 

0.30 

4.00 

13:1 

Minute ventilation (L/ min) 

8 

140 

18:1 

PAO 2 

100 

115 

1.2:1 

Pa02 

95 

90 

0.95:1 

C.O. L/ min 

6 

24 

4:1 

HR (beats/min) 

70 

200 

2.9:1 

Systolic BP (mm Hg) 

120 

180 

1.5:1 

Diastolic BP (mm Hg) 

80 

95 

1.2:1 

a-v 02 difference (mL/ dL) 

5 

18 

3.6:1 


C.O.: cardiac output 
HR: heart rate 
BP: blood pressure 

PAO2: partial pressure of oxygen, alveolar 
Pa02: partial pressure of oxygen, arferial 
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Oxygen Transport Variables 

Table 13-1 shows commonly found changes in the 
principal O 2 transport variables that can be mea¬ 
sured in healthy volunteers during whole body ex¬ 
ercise at intensity levels of V02max. These data are 
round numbers and are not intended to be precisely 
consistent. There is, of course, considerable varia¬ 
tion among individuals in most of these variables. 
The 13-fold increase in VO 2 from rest to maximal 
exercise is accomplished by a combination of cen¬ 
tral and peripheral factors, as previously discussed. 
The three major responses are in ventilation, C.O., 

BODY COMPOSITION 

Background 

The relative composition of the body, particularly 
in respect to fat and muscle, is often included as 
one component of physical fitness. Although lying 
outside our energy pathway definition of physical 
fitness as presented earlier, the amount and loca¬ 
tion of both fat and skeletal muscle are strongly 
associated with physical performance capacity. 
These components can also be modified through 
physical training and therefore deserve attention in 
any discussion of physical fitness, performance, and 
training. 

The term body composition refers to the propor¬ 
tional makeup of the body into major components 
of fat, bone, muscle, and other soft tissues, each of 
which can be further separated into the chemical 
constituents. Since body fat, or its excess, is often 
the focus of interest with respect to physical fitness, 
the term fat-free mass is often used to denote all tis¬ 
sues other than the fat mass. Therefore, in the most 
basic division, the body is composed of fat and fat- 
free mass. This simple division is also significant 
in that the commonly used underwater weighing 
method to estimate body composition results in two 
compartments that can be separated by density: fat 
and fat-free mass. Within the fat-free mass compo¬ 
nent of healthy individuals, bone, organ, and struc¬ 
tural tissues are largely fixed in amount and only 
skeletal muscle is modifiable. Thus, observed 
changes in fat-free mass can most often be inter¬ 
preted as changes in muscle mass. 

Body Fat 

Body fat can be divided into two categories: (1) 
essential or obligatory fat, and (2) storage fat. 


and O 2 extraction by the muscle. Ventilation in¬ 
creases some 20-fold; C.O. and O 2 extraction by 
about a factor of three to four each. The remaining 
factors in Table 13-1 change little from rest to maxi¬ 
mal exercise. 

in summary, all components of the Oj transport 
pathway undergo responses to acute exercise. In 
terms of supply and thus V 02 max, the changes 
of significance are in ventilation, blood flow, 
and muscle tissue Oj extraction. The resulting 
VOjmax represents the integrated effects of both 
central and peripheral factors involved in these 
three processes. 

AND PHYSICAL FITNESS 

Obligatory fat is lipid, which is required for cell and 
organ structure, protective cushioning of the organs, 
nutritional support of specific metabolic activities 
such as myocardial contractility, and small amounts 
for cellular functions. Women have additional 
obligatory fat in the context of sex-specific fat: breast 
fat and fat associated with the reproductive organs. 
The amount of the second component, storage fat, 
is primarily a function of caloric balance, and eth- 


TABLE 13-2 

REEERENCE BODY COMPOSITION VALUES 
EOR NONATHLETIC YOUNG ADULTS* 


Variable 

Women 

Men 

Ratio 

(w/m) 

Total Fat 
kg (%) 

16.8 (28) 

13.5 (18) 

1.24:1 

Obligatory 
kg (%) 

7.2 (12) 

2.3 (3) 

3.13:1 

Storage 
kg (%) 

9.6 (16) 

11.3 (15) 

0.85:1 

Fat-Free Mass 
kg (%) 

43.2 (72) 

61.5 (82) 

0.70:1 

Skeletal Muscle 
kg (%) 

21.6 (36) 

33.8 (45) 

0.64:1 

Bone 
kg (%) 

7.2 (12) 

11.3 (15) 

0.64:1 

Other 
kg (%) 

14.4 (24) 

16.4 (22) 

0.88:1 


Values represent a compilation of available data. 
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nic, genetic, and sex-related patterns. Reference 
values for obligatory and storage faf in nonafhlefic 
populafions are found in Table 13-2. 

The regional disfribufion of sforage faf varies 
befween genders and among individuals, and is 
primarily confrolled by fhe sex hormones and fheir 
confrol of lipoprofein lipase enzyme acfivify and 
adipocyfe sensifivify fo insulin.Males predomi- 
nanfly sfore faf in fhe abdominal region (android, 
or cenfral-upper faf paffern) while women fypically 
sfore faf in fhe hips and buffocks (gynoid, or pe¬ 
ripheral-lower faf paffern).The android paffern 
reflecfs greafer deep or visceral deposifed faf, as 
opposed fo greafer subcufaneous faf in fhe gynoid 
paffern, and is fypically associafed wifh greafer 
muscular! fy.^^ 

Excess sforage faf, or obesify, is besf expressed 
in ferms of fhe percenfage of body weighf composed 
of faf. McArdle and colleagues^^have suggested fhaf 
obesify be defined as 5% unifs over fhe populafion 
norm. When fhis is applied fo young army mem¬ 
bers, fhis equafes fo 20% (5% above fhe norm of 
15%) for men and 30% (5% above fhe norm of 25%) 
for women. These values of 20% and 30% are now 
employed as fhe upper allowable limifs under fhe 
U.S. Army's body weighf/faf confrol program^^ 
for fhe age group of 17 fo 25 years. In 1974, Behnke 
and Wilmore^'* supporfed fhis when fhey defined 
obesify in males as exceeding 20%, since dafa indi¬ 
cafe fhaf faf cells are fully safurafed af fhis level of 
fafness. 

The U.S. Navy, on fhe ofher hand, has employed 
fhe definifion of obesify developed by a Nafional 
Insfifufes of Healfh Consensus Developmenf Con¬ 
ference: "weighf for heighf 20% above fhe midpoinf 
weighf lisfed in fhe 1983 Mefropolifan Life Insur¬ 
ance fables for fhe medium frame individual."^® 
This value corresponds, in Navy personnel, fo 26% 
body faf in men and 36% in women. Table 13-3 pre- 
senfs a compilafion of percenfage of body faf values 
reported for various U.S. milifary populafions.^® ®^ 

Muscle Mass 

The average man has 1.5-fold fhe amounf of skel- 
efal muscle as fhe average woman, primarily as fhe 
resulf of differences in circulafing levels of fhe male 
sferoid hormone, fesfosferone. Skelefal muscle rep- 
resenfs 45% and 36% of body weighf, male and fe¬ 
male, respecfively (see Table 13-2). Testosterone and 
ofher anabolic sferoids have pofenf muscle growfh 
acfions, which have led fo fheir use by some body 
builders and sfrengfh afhlefes. 


Overweighf, by fhe cusfomary weighf-for-heighf 
sfandards, is usually inferprefed as over-faf, 
alfhough if can acfually be a case of being over¬ 
muscled. Body builders and afhlefes requiring high 
levels of sfrengfh or muscular power, or bofh, fypi¬ 
cally fall in fhis laffer cafegory. To avoid misclassi- 
fying overmuscled individuals as being over-faf, 
body faf assessmenf has replaced or supplemented 
simple body weighf measuremenfs in fhe milifary 
services and is discussed lafer in fhis chapfer. 

Physical Training 

Changes in body composifion, fhaf is, reducfions 
in body faf and increases in muscle mass, are com¬ 
mon consequences of physical framing, alfhough 
fhe exfenf depends on fhe nafure of fhe framing 
program, fhe accompanying nufrifional sfafe, as 
well as fhe genefic makeup of fhe individual. Aero¬ 
bic fraining, plus caloric resfricfion, are commonly 
employed fo reduce body faf. Sfrengfh or sfrengfh 
endurance (resisfance) fraining, and protein supple- 
menfafion, are commonly employed fo build muscle 
mass. 

Body Fat 

Many sfudies have examined fhe influence of 
aerobic exercise fraining fo reduce body faf (eg, Zufi 
and Golding,®^ and Garrow®®). Because low fo mod¬ 
erate intensifies of exercise burn faf almosf exclu¬ 
sively, aerobic exercise is an effecfive means of 
mefabolizing excess faf if, af fhe same fime, caloric 
infake is confrolled. Resisfance fraining is a less ef- 
ficienf means of losing body faf, alfhough reduc¬ 
fions of 1% fo 3% over a 10- fo 20-week program 
have been shown.®^ Spof reducfion of faf from a 
specific area being exercised is nof effecfive.®® 

Muscle Mass 

Resisfance fraining is an effecfive sfimulus fo 
muscle growfh, leading fo increased muscle mass 
and cross-secfional area of fhe framed muscles. In¬ 
creases of 1.5 kg in faf-free mass over a 10 week 
period are fypical.®^ Training programs employing 
lower intensifies buf high volumes (frequencies and 
durafions) are more effecfive in developing muscle 
and, fherefore, are used by body builders. Some 
sfudies®^ show fhaf fhe increase in muscle size is due 
fo fiber hyperfrophy, while ofhers implicafe fiber 
hyperplasia. The evidence for fiber hyperplasia in 
humans is sfill confroversial and fhe reader is re- 
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TABLE 13-3 

PERCENT BODY EAT VALUES EROM U.S. MILITARY POPULATIONS AS A EUNCTION OE AGE, 
GENDER, ETHNICITY, OCCUPATIONAL DEMAND RATING, AND TYPE OE ASSIGNMENT 


Category 

Mean + SD 

Category 

Mean + SD 

Women 

Men 

Women Men 

US Army Recruits (new)l 



Infantry^ 


Age (y) 



Age (y) 


17-20 

27.7 ±4.2 

15.3 ±4.7 

17-20 

— 15.8 ±4.1 

21-25 

28.8 ±4.5 

16.1 ± 5.2 

21-25 

— 17.9 ± 6.1 

26-30 

28.3 ±4.3 

18.1 ± 5.2 

26-30 

— 19.3 ± 5.9 

30-35 

31.0 ±4.8 

22.4 ± 4.6 

31-35 

— 20.0 ± 5.8 

USMA Cadets^ 

26.5 ±3.2 

12.2 ± 3.0 

Occupational rating 


US Army combat and combat support^ 


Heavy 

— 17.2 ± 5.0 

Age (y) 



Moderate 

— 19.6 ± 6.7 

17-20 

26.3 ±5.3 

15.4 ± 5.9 

Light 

— 19.9 ± 6.3 

21-27 

25.4 ± 6.0 

16.7 ± 6.7 

Army Artillery^ 

28.6 ±3.9 19.3 ±4.9 

29-39 

29.2 ± 7.0 

21.6 ± 7.0 

Army Special Forces® 

— 16.1 ±4.5 

40+ 


23.1 ± 5.3 

Army Ranger students^ 

— 14.6 ±4.1 

Race 





White 

28.0 ±5.5 

17.6 ± 5.5 



Black 

28.0 ±4.0 

14.0 ± 5.7 



Hispanic 

28.0 ±5.0 

17.4 ± 6.1 




Data sources: (1) Knapik JJ, Burse RL, Vogel JA. Height, weight, percent body fat, and indices of adiposity for young men and 
women entering the U.S. Army. Aviat Space Environ Med. 1983;54:223-231. (2)Daniels WL, Kowal DM, Vogel JA, Stauffer RM. Physi¬ 
ological effects of a military training program on male and female cadets. Aviat Space Environ Med. 1979;50:562-566. (3) Fitzgerald 
Pi, Vogel JA, Daniels WL, Dziados JE, Teves MA, Mello RP, Reich PJ. The Body Composition Project: A Summary Report and Descriptive 
Data. US Army Research Institute of Environmental Medicine; 1986. Technical Report No. 5-87. (4) Vogel JA, Patton JF, Mello RP, 
Daniels WL. An analysis of aerobic capacity in a large United States population. / Appl Physiol. 1986;60:494-500. (5) Teves MA, Vogel 
JA, Carlson DE, Schnakenberg DD. Body Composition and Muscle Performance Aspects of the 1985 CPFS test. Natick, Mass: US Army 
Research Institute of Environmental Medicine; 1986. Technical Report No. 12-86. (6) Askew EW, Munro 1, Sharp MA, et al. Nutri¬ 
tional Status and Physical and Mental Performance of Special Operations Soldiers Consuming the Ration, Lightweight or the Meal, Ready-to- 
Eat Military Field Ration During a 30-day Field Training Exercise. Natick, Mass: US Army Research Institute of Environmental Medi¬ 
cine; 1987. Technical Report No. 7-87. (7) Unpublished data. 

ferred to the review by Saltin and Gollnick^ for a 
discussion of fhe evidence. Growfh in muscle tis¬ 
sue may depend on the specific fype of fraining 
stimulus that is applied. The intensity and volume 
of fraining programs can be adjusted to selectively 
hypertrophy either slow or fast twitch fibers. The 
fiber hyperfrophy is due fo an increased size and 
number of fhe acfin and myosin filamenfs and ad- 
difional sarcomeres.“ 

Loss in muscle mass will result from inacfivify 
or severe malnufrifion. If the individual is relatively 
inactive, severe caloric deprivation will result in loss 
of bofh body faf and muscle mass.Physical acfiv- 
ify during caloric deprivafion helps preserve muscle 


mass so fhaf sforage faf is preferenfially deplefed 
before muscle mass is used as an energy source. 

Body Composition and Physical Capacity 

An association between body composition and 
physical capacity, and performance are readily evi¬ 
dent in athletes, as exemplified by fhe lean, mod- 
esfly muscled, long disfance runner and fhe heavily 
muscled, modesfly fat Olympic lifter. Whether these 
relationships, albeit in a less dramatic form, exisf 
in fhe nonafhlefic, yet trained population typical of 
the military services has been the focus of recenf 
studies.^'*'^® 
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Body Fat 

Studies by Vogel and colleagues^® found a corre¬ 
lation coefficient of -0.59 (standard error of the 
estimate, [SEE] = 4.26) between percent body fat and 
V 02 max expressed per kg of body weight, for male 
army recruits beginning basic training and -0.52 
(SEE = 5.73) for a diverse sample of soldiers 
stationed within the continental United States. Simi¬ 
lar relationships were found in a larger subsequent 
study of an army population of 1,117 men and 
303 women (Figure 13-10). The correlation coeffi¬ 
cient for men was -0.60 (SEE = 5.02) and -0.55 for 
women (SEE = 3.77). This modest correlation be¬ 
tween percentage of body fat and aerobic capacity 
holds true when aerobic fitness is expressed rela¬ 
tive to body weight, but not when capacity is ex- 



Fig. 13-10. Scatter plot of the relationship between maxi¬ 
mal oxygen uptake (per kg body weight) and % body fat 
in Army men and women. Reprinted with permission 
from Vogel JA, Friedl KE. Army data: body composition 
and physical capacity. In: Marriott BM, Grumstrup-Scott 
J, eds. Body Composition and Physical Performance. Wash¬ 
ington, DC: National Academy Press; 1992. 



Fig. 13-11. Relation of maximal oxygen uptake to body 
fat and fat-free mass. Reprinted with permission from 
Vogel JA, Friedl KE. Army data: body composition and 
physical capacity. In: Marriott BM, Grumstrup-Scott J, 
eds. Body Composition and Physical Performance. Washing¬ 
ton, DC: National Academy Press; 1992. 


pressed in terms of absolute V02max (L/min) as 
illustrated in Figure 13-11. Absolute aerobic capac¬ 
ity is related to the amount of oxygen-consuming 
metabolically active muscle, and, therefore, to the 
fat-free mass, rather than to the metabolically inac¬ 
tive fat tissue. Relative aerobic capacity (V02max, 
mL/min/kg BW) is related to body fat, since in¬ 
creasing fat increases the total body weight (de¬ 
nominator) and thereby lowers the resulting 
V02max value. This corresponds to the physiologi¬ 
cal situation where the capacity for body propul¬ 
sion is diminished as body fat adds "dead weight," 
that is, nonenergy producing mass that must be 
carried. This is reflected in the association between 
two-mile-run test scores and body fat content, and 
is exemplified in long distance runners who typi¬ 
cally have the lowest measured body fat content of 
any athletes, about 4% to 6%.^® 

Muscle Mass 

In contrast to aerobic activities that are influenced 
by percentage of body fat levels, strength activities 
are related to muscle mass and not related to body 
fat (see Figure 13-11). Strength of a particular muscle 
or muscle group is directly related to its cross- 
sectional area.This relationship holds true for to¬ 
tal body muscle mass (as represented by fat-free 
mass) with total body strength (as represented by 
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Fig. 13-12. Scatter plot of the relationship between maxi¬ 
mal lift strength and fat-free mass. Reprinted with per¬ 
mission from Vogel JA, Friedl KE. Army data: body com¬ 
position and physical capacity. In: Marriott BM, 
Grumstrup-Scott J, eds. Body Composition and Physical Per¬ 
formance. Washington, DC: National Academy of Sci¬ 
ences. National Academy Press; 1992:97. 

maximal absolute lifting strength) as illustrated in 
Figure 13-12. Corresponding correlation coefficients 
are 0.50 (SEE = 20.55) for men and 0.38 (SEE = 11.75) 
for women. 

Body Composition Standards 

It was not until 1960 that the U.S. Army first es¬ 
tablished an upper allowable limit for body weight 
for entrance into the service, and not until 1976 was 
a similar standard established for retention (on-the- 
job). Prior to World War II, the emphasis was on a 
minimal acceptable weight, and it was not until 
World War II that this focus changed to over¬ 
weight.'*^ In 1980, the DoD physical fitness directive* 
called for a primary body fat standard rather than 
just a weight-for-height standard. It also set a DoD 


goal for percentage of body fat to be 20% for men 
and 26% for women. 

In response to this directive, in 1983 the U.S. 
Army implemented a body fat standard into its 
weight control program with a revision to Army 
Regulation (AR) 600-9, The Army Weight Control 
Program. This revision retained the weight for 
height as an initial screen, but employed body fat 
as the ultimate standard. The standards, as revised 
in October 1991, are shown in Table This 

revision also established corresponding body fat 


TABLE 13-4 

BODY FAT STANDARDS OF THE MILITARY 
SERVICES (values = body fat as a % of body weight) 



Percentage of Body Fat 


US Service 

Male 

Female 


Branch 

Accession Retention 

Accession Retention 

Armyb2 

Age (y) 

17-20 

24 20 

30 

30 

21-27 

26 22 

32 

32 

28-39 

28 24 

34 

34 

>40 

30 26 

36 

36 

Navy^ 

All ages 

— 22 

— 

30 

All ages 

— 26''' 

— 

36''' 

Air Force^ 

Age (y) 

17-29 

— 20 

— 

28 

30-39 

— 26 

— 

34 

Marine Corps 
All ages 

5 

— 18 

— 

26 


If this value is exceeded, service member is automatically 
placed on fat loss program. 

hf this value is exceeded, administrative action is taken. 

Data sources: (1) US Department of the Army. Medical Service 
Standards of Fitness. Washington DC: Department of the Army; 
1991. Army Regulation 40-501. 23. (2) US Department of the 
Army. The Army Weight Control Program. Washington DC: De¬ 
partment of the Army; 1991. Army Regulation 600-9. (3) US De¬ 
partment of the Navy. Physical Readiness Program. Washington 
DC: Office of the Chief of Naval Operations; 1986. CNO Instruc¬ 
tion 6110.1c. (4) US Department of the Air Force; The Air Force 
Weight and Fitness Program. Washington DC: Department of the 
Air Force, 1985. Air Force Regulation 35-11. (5) US Marine 
Corps. Weight Control and Military Appearance. Washington DC: 
Department of the Navy; 1986. Marine Corps Order 6100.1c. 
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standards for accession into the army, also shown 
in Table 13-4. Based on patterns of body fat change 
observed in army recruits,^® male recruits are al¬ 
lowed to enter the service at four body fat percent¬ 
age points above their retention standard while fe¬ 
males must enter at, or below, their retention stan¬ 
dard. 

The original body fat standards established by 
the U.S. Army in 1983 were derived empirically. 
Working from a base of 20% for the youngest male 
grouping, 2% was added for each increasing age 
group, and an 8% increment was added for females 
for sex-specific fat. The only objectivity in these 
decisions was the establishment of the base figure 
of 20%. This value was based, in part, on the find¬ 
ing by Vogel and coworkers^® that V02max began 
to decline above a body fat of 20%. Continued study 
of available data has substantiated that the male 
standards originally established in 1983 are, in fact, 
supported by both physical performance and ap¬ 
pearance criteria.Figure 13-13 illustrates the cor¬ 
respondence between the body fat standard for one 
age group and corresponding two-mile-run stan¬ 
dard. This correspondence for women did not hold 
up and led to the liberalization of their body fat 
standards by 2% from the original settings to those 
now employed as shown in Table 13-4. Thus, the 
setting of the army's body fat standards are based 
on physical performance and appearance criteria in 
agreement with the rationale for the weight control 


program as stated in AR 600-9, "to ensure that all 
personnel a) are able to meet the physical demands 
of their duties under combat conditions, [and] b) 
present a trim military appearance at all times."^^*P^^ 
The history and the basis for the U.S. Army's body 
weight/body fat standards has been reviewed by 
Friedl.^' 

In contrast to the U.S. Army, the U.S. Navy has 
based its body fat standards on health criteria be¬ 
cause a strong relationship between body fatness 
and the performance of naval shipboard tasks was 
not found. Shipboard tasks are predominantly 
strength-demanding tasks and are unrelated to 
body fatness. The U.S. Navy moved to adopt a defi¬ 
nition of obesity as a weight for height 20% above 
the midpoint weight listed in the 1983 Metropoli¬ 
tan Life Insurance tables for the medium frame in¬ 
dividual, developed from a National Institutes of 
Health consensus development conference in Feb¬ 
ruary 1985. This definition translated into a percent¬ 
age of body fat for the U.S. Navy population of 22% 
and 33.5% for males and females, respectively. Add¬ 
ing one standard error to this, the navy established 
its standard at 26% and 36% for males and females, 
respectively.^® Exceeding this limit leads to admin¬ 
istrative action, while a more restrictive category, 
22% and 30%, requires admission to a fat reduction 
program. The U.S. Air Force has used appearance 
as its principal criterion,^''while the U.S. Marine 
Corps body fat standards are based primarily on 
health and appearance requirements.^® 
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Fig. 13-13. Correspondence between body fat standards 
(20%) and Vo 2 max for 17-20 year old male soldiers. Re¬ 
printed with permission from: Friedl KE. Body compo¬ 
sition and military performance: origins of the army stan¬ 
dards. In: Marriott BM, Grumstrup-Scott J, eds. Body Com¬ 
position and Physical Performance. Washington, DC: Na¬ 
tional Academy of Sciences. National Academy Press; 
1992:99. 
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Body Fat Methodology 

Body fat measurement methodology has recently 
received intense interest and study. The following 
discussion will be limited to those developments 
within the military services. 

At the time of the DoD directive calling for body 
fat standards and measurements in the services, 
most population or "field" measurements for re¬ 
search purposes in the military used the skinfold 
procedure,^^ based on hydrostatic (underwater) 
weighing as the criterion method. The hydrostatic 
procedure employs the known differences in den¬ 
sity of fat and nonfat tissue.^® The skinfold proce¬ 
dure employs a series of skinfold thicknesses, which 
are summed, and used to predict body fat from em¬ 
pirically derived equations of body density from hy¬ 
drostatic weighing. Many skinfold prediction equa¬ 
tions have been developed, some population spe¬ 
cific, and some more generalized.^^ Because most 
U.S. Army research data on body fat prior to the 
DoD directive had been collected using the Durnin 
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and Womersley equations/® this procedure was 
adopted for the initial implementation by the army 
in 1983. 

The skinfold procedure suffers from several 
drawbacks. It can, depending on the equations se¬ 
lected, be population specific since if has been 
shown fhaf genefic background affecfs regional faf 
disfribufion.®^ The Durnin-Womersley equafions 
were developed from an Anglo-Saxon populafion 
and fherefore fheir applicafion fo African Ameri¬ 
cans, Hispanics, and Asians is suspecf. Secondly, if 
is subjecf to a rather large intermeasurer error, es¬ 
pecially outside the research laboratory. Thus the 
army experienced unsatisfactory variability among 
body fat measurements throughout many army 
posts. At the same time, the U.S. Marine Corps had 


developed simple circumference procedures™'®® fo 
avoid the problems of measuremenf variabilify. 
Their success inspired fhe ofher services fo evenfu- 
ally adopt circumference mefhods for esfimafing 
body faf in fhe "field" for fheir weighf confrol pro¬ 
grams. 

The Navy's currenf circumference procedure and 
equafions were developed by Hodgdon and 
Beckeft®^'®®and are shown in Table 13-5. The army's 
equafions®^ were based on fhe navy's experience and 
are similar excepf for fhe sifes employed for women. 
The U.S. Air Force has recenfly adopfed fhe U.S. 
Navy equafions (see Table 13-5). Differences be- 
fween fhe equafions are fhe resulf of differenf sfa- 
fisfical approaches, differenf limifs in whaf was al¬ 
lowed fo enfer fhe regression analysis, and differ- 


TABLE 13-5 

CIRCUMFERENCE-BASED EQUATIONS EMPLOYED BY THE MILITARY SERVICES TO ESTI¬ 
MATE PERCENT BODY FAT* 


US Service Branch 

Gender 

R 

SEE 

Density 

Body Eat (%) 

Navy and Air Force^'^ 

Male 

0.90 

3.52 

- 0.191 • logj^Q (abdom II - neck) 

+ 0.155 • logio (height) + 1.032) 

100 • [(3.95/ density) - 4.5] 


Female 

0.85 

3.72 

- 0.350 • logjQ (abdom I + hip 
+ neck) + 0.221 • log^o (height) 

100 • [(3.95/density)-4.5] 





= 1.296 

100 • [(3.95/density)-4.5] 

Army^ 

Male 

0.82 

4.02 


76.462 • logjQ (abdom I - neck) 

- 68.678 • logjQ (height) 






+ 43.742 


Female 

0.82 

3.60 


105.3 • logj^g (body weight) 

- 0.2 • wrist - 0.533 • neck 






- 1.574 • forearm + 0.173 • hip 

- 0.515 • height - 35.6 

Marine Corps^ 

Male 

0.81 

3.67 


0.74 • abdom II-1.249 
• neck + 40.985 


Female 

0.73 

4.11 


1.051 • bicep - 1.522 • forearm 
- 0.879 • neck + 0.326 • abdom II 
-t 0.597 • thigh + 0.707 


All measurements except height (cm) and weight (kg) are circumferences measured in cm. 

R: Correlation coefficient 

SEE: Standard error of fhe esfimafe 

Dafa sources: (1) Hodgdon JA, Beckeff, MB. Prediction of Percent Body Fat for US Navy Women from Body Circumferences and Height. 
San Diego, Calif: Naval Healfh Research Center; 1984: Reporf No. 84-29. (2) Hodgdon JA, Beckeff, MB. Prediction of Percent Body Fat 
for US Navy Men From Body Circumferences and Height. San Diego, Calif: Naval Healfh Research Center; 1984: Reporf No. 84-11. (3) 
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ent population characteristics. All are based on un¬ 
derwater weighing as the criterion method. 

Attention to body composition methodology in 
the military services is currently causing a reexam¬ 
ination of hydrostatic weighing as the criterion 
methological standard.®^ Hydrostatic weighing 
suffers from fhe facf fhaf if is based on densify as- 
sumpfions fhaf are from a very limifed number of 
cadaver analyses and may nof reflecf racial and 
gender differences in bone and nonfaf fissue den¬ 
sify. The mosf likely candidafe for a replacemenf of 
hydrosfafic weighing as fhe criferion sfandard, and 

PHYSICAL CAPA( 

Aerobic Power 

Aerobic power, or cardiorespirafory fifness, can 
be defined as fhe capacify of fhe aerobic mefabolic 
pafhways fo produce energy for moderafe infensify 
exercise for prolonged periods. A highly developed 
cardiorespirafory endurance capacify is fypified by 
fhe marafhoner, cross-counfry runner, or cross- 
counfry skier. In fhe milifary, fhis componenf of 
physical fifness has an imporfanf relafionship fo fhe 
performance of such physically demanding fasks 
as road marching, prolonged load carriage, and fhe 
repefifive liffing and carrying of moderafe loads. 
In addifion, mainfenance of adequafe levels of 
V 02 max is imporfanf for healfh profecfion, body 
weighf confrol, and fhe building of unif morale and 
esprit de corps. 


now under sfudy by bofh fhe U.S. Army and fhe 
U.S. Navy, is dual phofon x-ray absorpfiomefry 
(DEXA),®® which employs fhe differenfial affenua- 
fion of fwo differenf energy levels from an x-ray 
source fo separafe faf, bone, and faf-free fissue. 
DEXA can be employed wifh hydrosfafic weighing 
and body wafer measuremenfs fo derive a four com- 
parfmenf model (faf, faf-free mass, bone, and wa¬ 
fer) or can be used alone fo separafe faf and faf-free 
mass. Inifial research®^ supporfs ifs pofenfial fo re¬ 
place body densify measuremenfs as fhe sole crife¬ 
rion mefhod. 

Y FOR EXERCISE 

Measurement 

Exercise scienfisfs agree fhaf fhe besf measure of 
aerobic power is an individual's V02max. Indeed, 
fhe highesf values for V 02 max are generally found 
in elife afhlefes who compefe in such endurance 
acfivifies as disfance running, swimming, bicycling, 
and cross-counfry skiing.®® These individuals have 
nearly double fhe aerobic power of age-relafed sed- 
enfary individuals (Figure 13-14). This is nof fo say, 
however, fhaf V 02 maxis a complefe expression of 
aerobic power. Many ofher facfors, especially fhose 
af fhe cellular level, such as number of capillaries, 
enzymes, and fiber fype, exerf a sfrong influence 
on fhe capacify fo susfain high levels of aerobic ex¬ 
ercise.“However, fhe measuremenf of V02max pro¬ 
vides imporfanf informafion on fhe overall capac- 
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Fig. 13-14. Representative VOjmax values of elite athletes. Reprinted with permission from McArdle WD, Katch FI, 
Katch VL. Exercise Physiology. Energy, Nutrition, and Human Performance. 3rd ed. Philadelphia, Pa: Lea & Febiger; 1991. 


799 































Rehabilitation of the Injured Combatant. Volume 2 


ity of the aerobic energy system. The V02max at¬ 
tainment also requires integration of the ventilatory, 
cardiovascular and neuromuscular systems which 
gives V 02 max significant physiologic meaning.®^ 

In the research laboratory, and as long as the ex¬ 
ercise is of sufficient intensity and duration to per¬ 
mit the maximum transfer of O^, V 02 max can be 
determined by various modes of exercise that acti¬ 
vate large muscle groups. Typically, VO 2 is mea¬ 
sured directly, by the collection and analysis of ex¬ 
pired gases while the subject exercises at increas¬ 
ing intensities on either a motor-driven treadmill 
or cycle ergometer. Although other types of ergom- 
eters can be used, these two are by far the most com¬ 
mon. As the intensity of exercise increases, the VO 2 
increases in direct proportion. Eventually, the indi¬ 
vidual will reach his maximum ability to deliver 
to the exercising muscle, that is, the VO 2 will pla¬ 
teau despite a continued increase in the intensity 
of exercise (Figure 13-15). 

Numerous tests have been devised and standard¬ 
ized for the measurement of V02max. In addition 
to the different modes of exercise, tests that directly 
measure VO 2 are usually performed either continu¬ 
ously (with no rest between exercise increments), 
or discontinuously (with the individual resting sev¬ 
eral minutes between bouts of exercise). In general, 
the discontinuous method is recommended, if time 
is available, as it yields slightly higher values, is 
more comfortable for the subject, and minimizes 
complications from such factors as local muscle 
fatigue. 


Since the direct measurement of V02max 
requires expensive equipment, trained technicians, 
and a maximal effort on the part of the participant, 
investigators have attempted to develop simple, 
indirect, submaximal tests that would provide ac¬ 
curate predictions of V 02 max and could be admin¬ 
istered to large numbers of individuals in a mini¬ 
mum of time and space. Most studies estimating 
V 02 maxfrom submaximal exercise tests have used 
the cycle ergometer. The test developed by Astrand 
and Ryhming,® or modifications of this protocol, 
has been the most extensively used. The basis for 
the test is the fact that HR and VO 2 are linearly 
related over a range of exercise intensities. The 
underlying assumption is that the more fit indi¬ 
vidual will achieve a higher rate of exercise for the 
same HR and thus will be able to achieve a much 
higher exercise intensity before reaching maxi¬ 
mum HR. 

Determinants 

The capacity to generate energy through aerobic 
metabolism is dependent on the various compo¬ 
nents of the O 2 transport system as described ear¬ 
lier in the section. Principles of Exercise Physiol¬ 
ogy. In considering factors that limit this transport, 
two schools of thought exist, one favoring a central 
limitation, and the other favoring a peripheral limi¬ 
tation.“ "Central" O 2 delivery depends on pulmo¬ 
nary ventilation, arterial oxygen content, and C.O. 
In healthy individuals the first two components do 
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not appear to be limiting factors. There is usually 
considerable reserve in the average person's pul¬ 
monary system and, therefore, venfilafion does nof 
normally limif exercise performance. In facf, fhere 
is no evidence fhaf venfilafion reaches a plafeau, 
and if increases exponenfially wifh increasing ex¬ 
ercise infensify. 

Arferial O 2 confenf is fhe producf of arferial oxy¬ 
gen safurafion and hemoglobin concenfrafion. Nei- 
fher of fhese variables changes appreciably from fhe 
resfing condifion up fo maximum exercise. Also, in 
normal, framed, and unfrained individuals, fhere 
is considerable overlap in hemoglobin and safu¬ 
rafion levels and, fherefore, in fhe magnifude of fhe 
arferial O 2 confenf. This suggesfs fhaf fhis compo- 
nenf in fhe O 2 fransporf sysfem does nof limif 
V02max. 

Maximum C.O. is defermined by fhe producf of 
maximum SV and maximum HR. Because maximal 
HR is primarily defermined by age and nof affecfed 
by aerobic fifness level or sfafe of fraining, fhe maxi¬ 
mum C.O. fhaf can be achieved during exercise is 
essenfially a funcfion of fhe SV, which becomes, 
fherefore, fhe prime deferminanf of fhe difference 
in maximum C.O. among individuals. Mosf sfud- 
ies have also shown a higher SV in maximum exer¬ 
cise as well as submaximum exercise in fhe framed 
vs. fhe unfrained individual. 

Peripheral facfors fhaf may limif fhe fransporf 
of O 2 include local muscle blood flow, exfracfion 
of O 2 by fhe exercising muscle, and fhe oxida- 
five capacify of fhe muscle cell. Scienfific evidence^^ 
sfrongly suggesfs fhaf muscles are capable of much 
higher blood flows fhan fhey normally receive 
during maximum exercise, and fhaf O 2 exfrac¬ 
fion is incomplefe even af maximum exercise; bofh 
findings imply fhaf fhe periphery does nof limif 
fhe maximum fransporf of O 2 . An excepfion fo fhis 
may be when limifed muscle mass is involved, in 
which case O 2 exfracfion may be limifing rafher 
fhan C.O. The oxidafive capacify of fhe muscle 
is defermined by fhe number and size of fhe mi- 
fochondria and fheir concenfrafion of oxidafive 
enzymes. While fhis could be a rafe limifing factor 
for V 02 max, fhe evidence®^ suggesfs fhaf fhe oxi¬ 
dafive capacify of fhe muscle exceeds fhe capacify 
of fhe circulafory sysfem fo fransporf O 2 to the 
muscle. 

In conclusion, V02max depends on the optimal 
linkage between all components of fhe O 2 fransporf 
sysfem. However, of all fhe deferminanfs fhaf 
change wifh physical fraining, fhe cardiac compo- 
nenf, fhaf is, C.O., is mosf adapfable and, wifhin 
fhaf, if is fhe SV fhaf is mosf imporfanf. 


Anaerobic Power 

The ferm anaerobic power, or muscular endurance, 
refers fo fhe capacify for fhose fypes of acfivifies 
characferized by all-ouf exercise of brief durafion 
(approximafely 5 fo 60 seconds), which are fueled 
mainly by fhe immediafe and shorf-ferm (anaero¬ 
bic) energy sysfems. In fhis fype of exercise, fhe 
energy requiremenf significanfly exceeds fhe energy 
generafed by oxidafion in fhe respiratory chain. As 
a resulf, fhe anaerobic reacfions of glycolysis pre- 
dominafe and are characferized by large quanfifies 
of lacfic acid accumulafing wifhin fhe muscle cell 
and ulfimafely in fhe blood. Typical milifary fasks 
fhaf fall wifhin fhis cafegory are sprinfing, rushing, 
walking or running wifh a heavy load, and heavy 
repefifive liffing. 

Measurement 

Unlike fesfs for V02max, no specific criferia ex- 
isf fo indicafe fhaf a person has reached a maximal 
anaerobic efforf. Indeed, fhe abilify fo quanfify 
anaerobic power is difficulf due fo fhe considerable 
overlap fhaf exisfs in fhe ufilizafion of fhe various 
energy sysfems during shorf-ferm, high-infensify 
exercise. Efforfs fo use fhe measuremenf of O 2 debf 
or accumulafed lacfic acid in fhe blood have been 
unsafisfacfory in quanfifying anaerobic power. 
Thus, various performance fesfs have been devel¬ 
oped wifh which fo evaluate fhe capacify for fhe 
immediafe and shorf-ferm means of energy frans- 
fer. These fesfs are generally referred fo as power 
fesfs, where a maximal force is generafed fhrough 
a disfance over a shorf period of fime (approximafe 
range of 5 fo 60 seconds).^ 

Maximal sprinf runs (fime for 50-200 m, or dis¬ 
fance covered in a fixed fime period) and cycling 
fesfs have fypically been used fo fesf fhis energy 
capacify; alfhough repefifive liffing, shuffle runs, 
and pushups, sifups, or chinups are also fesfs fhaf 
have been used. Because of fhe effecfs fhaf age, skill, 
mofivafion, and body size have on performance, if 
is difficulf fo selecf a suifable criferion fesf and fo 
develop appropriafe norms fo evaluafe anaerobic 
power. 

Several anaerobic power fesfs have recenfly been 
developed using laboratory ergomefers or dyna- 
momefers, which provide beffer precision in quan¬ 
fifying fhe power oufpuf and are more reliable fhan 
fhe performance fesfs discussed above. One of fhese 
is fhe isokinefic fafigue fesf, using a Cybex (Lumex 
Inc.) dynamomefer on which fhe subjecf performs 
50 maximal leg extensions af an angular velocify of 
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180°/s over a period of 1 minute.'’® Maximal and 
average torque values are utilized as quantifiable 
variables. A second test uses a cycle ergometer, 
where the subject pedals maximally against a very 
high resistance for 30 seconds.®® Maximal and aver¬ 
age power output values can be calculated. 

Determinants 

Factors important in an individual's ability to 
produce high power outputs during short-term ex¬ 
ercise are the amount and type of muscle fibers in¬ 
volved in the exercise and the capacity for anaero¬ 
bic metabolism within those fibers. In tests that 
measure anaerobic power, there is a strong positive 
relationship between the amount of power pro¬ 
duced and the percentage of fast twitch (type 2) 
muscle fibers in the exercising muscle. In addition, 
the greater the muscle mass that is activated dur¬ 
ing high-intensity exercise, the greater the power 
output that is achieved.®^ Anaerobic training stud¬ 
ies have shown that metabolic changes occurring 
in the muscle cell include both an increase in the 
concentration of glycolytic enzymes, and increased 
levels of anaerobic energy substrates.®® Thus, the 
ability to produce power can be attributed prima¬ 
rily to the high anerobic capacity of the type 2 
muscle fibers, the percentage of type 2 fibers in the 
muscle, and the absolute amount of muscle mass 
available for contraction. 

Muscular Strength 

The term "muscular strength" is difficult to de¬ 
fine in human performance because the term has 
been employed in various ways by athletes, strength 
and conditioning specialists, physiologists, physi¬ 
cians, and the lay public. It has been proposed, 
therefore, that the term "strength" be employed to 
refer to the maximum force a muscle or muscle 
group can voluntarily generate at a specified ve¬ 
locity.®® Physical activities that have a high muscu¬ 
lar strength component are those of short duration 
(less than 5 seconds), where the energy is provided 
primarily through the splitting of stored phospha- 
gens within the muscle cell, and those that require 
the generation of high force, for example, the sub¬ 
ject must overcome a high resistance. Military tasks 
that have a large strength component include heavy 
lifting, pushing, pulling, and throwing. 

Measurement 

Numerous methods are available to quantify the 


amount of force that can be generated by a contract¬ 
ing muscle or group of muscles. Which method to 
use is frequently determined by such factors as 
availability of equipment, safety concerns of the 
subject, and the type of muscular contraction to be 
performed. In general, methods of strength testing 
are divided into two types: (1) those that measure 
static or isometric contractions, and (2) those that 
measure dynamic muscular contractions. 

The assessment of static strength requires spring- 
type or electrical devices that measure the force pro¬ 
duced by the muscle and are secured so as to preclude 
movement. Spring-type devices include dynamom¬ 
eters, spring balances, and the cable tensiometer. 
Electrical devices primarily include the wire strain 
gauge connected to a Wheatstone bridge circuit that 
is permanently mounted to form a load cell. 

The cable tensiometer is typically used for mea¬ 
suring muscular force during knee, elbow, and 
trunk flexion or extension contractions. The tensi¬ 
ometer is lightweight, portable, durable, easy to use, 
and can be utilized for recording force measure¬ 
ments at various angles in the range-of-motion of a 
specific joint. Dynamometers, which operate on the 
principle of compression, have been developed for 
measuring hand-grip strength, isometric lifting ca¬ 
pacity, and upright pull capacity. Load cells are 
more accurate than the above devices and can be 
used for assessing the force developed by most any 
muscle or muscle group. 

In contrast to static testing, dynamic strength 
testing provides for a more functional assessment 
of strength. Dynamic testing can range from simple 
tests of the maximum amount of weight lifted in 
any one movement (eg, elbow flexion or biceps two- 
arm curl) just one time, to the use of sophisticated 
laboratory devices that allow the assessment of 
muscle torque at each point in the range-of-motion. 
The former, referred to as the one repetition maxi¬ 
mum test (IRM), is the maximum amount of weight 
lifted one time with correct form during the perfor¬ 
mance of a predetermined weight-lifting exercise, 
usually using free weights such as barbells. In ad¬ 
dition to free weights, there are many types of ma¬ 
chines available where movable weights are pushed 
or pulled through the use of cables or bars. Such 
machines, however, are more frequently used for 
training of muscular strength than testing. 

The emergence of microprocessor technology has 
allowed for the development of sophisticated sys¬ 
tems that can accurately quantify muscular forces 
generated during a variety of movements. One such 
device, the isokinetic dynamometer, allows for 
the measurement of maximal torque through the 
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full range-of-motion while velocity is held con- 
stant7° 

Determinants 

The single most important factor in the ability of 
muscle to generate force is the total mass of the 
muscle involved in the contraction. Regardless of 
gender, human skeletal muscle can generate ap¬ 
proximately 3 to 8 kg of force/cm^ of muscle cross- 
section. Studies^^ have shown that the greatest force 
is exerted by individuals with the largest muscle 
cross-sectional area, and that a linear relationship 
exists between strength and muscle size. In the body, 
however, this force-output capacity varies, depend¬ 
ing on the arrangement of the bony levers and 
muscle architecture. 

PHYSICAL CAPACITY OF 

A study of military population physical capacity 
demographics is valuable for several reasons. First, 
military accessions represent a wide cross-section 
of the national population and therefore are valu¬ 
able in assessing national trends and making inter¬ 
national comparisons for the young, healthy com¬ 
ponent of society. Second, population studies within 
the military can document trends relative to the 
emphasis and effectiveness of physical training pro¬ 
grams, and help establish norms and standards. 
Third, the data can describe the influence that age, 
gender, occupation, and unit mission may have on 
fitness parameters. 

The data presented here are largely from the U.S. 
Army, where most large population studies have 
been conducted. Where available, both direct labo¬ 
ratory and field tests of fitness are presented. 

Aerobic Capacity 

Gender 

The most prominent factor in the demographics 
of V02max is gender. When factors such as train¬ 
ing state and age are taken into account, women 
have approximately 30% less V02max than men. If 
body weight is taken into account, this difference 
drops to 25% and, if body fat is taken into account 
(V 02 max per kg fat-free mass), the difference di¬ 
minishes to about 12%. The gender difference that 
remains when body weight and muscle mass are 
normalized is due to the larger size of the heart, 
blood and red cell volume, and O 2 transport capac¬ 
ity of the blood of men. These basic physiological 


In addition to muscle mass, factors broadly char¬ 
acterized as psychologic or neural can influence the 
expression of human strength. The initial gains in 
strength during the first few weeks of a resistance 
training program without any measurable change 
in muscle size suggest that such factors are impor¬ 
tant in muscular force production. These neural fac¬ 
tors are related to such processes as increased neu¬ 
ral drive to the muscle, increased synchronization 
of the motor units, increased activation of the con¬ 
tractile apparatus, and inhibition of the protective 
mechanisms of the muscle (ie, golgi tendon organs), 
as well as antagonistic muscle.Therefore, the pro¬ 
duction of maximal force is determined not only by 
the total number of muscle fibers activated (muscle 
mass), but also by the coordinated control of motor 
units. 

[ILITARY POPULATIONS 

differences between genders is recognized by all 
three U.S. military services in implementing sepa- 

TABLE 13-6 

EFFECT OF GENDER ON AEROBIC CAPACITY 
AS ASSESSED BY DIRECTLY MEASURED 
MAXIMAL OXYGEN UPTAKE (mL/kg BW/min) 



Mean ± 

SD (n) 

US Army Group 

Women 

Men 

Army Accessions^ 

37.5 ±3.7 (212) 

51.1 ±5.1 (210) 

Army Trainees^ 

39.2 ± 3.8 (163) 

53.6 ±4.4 (176) 

Army Unit 
Assignees^ 

39.7 ±4.6 (238) 

48.0 ± 6.3 (964) 

Army Officer 
Cadets^ 

49.7 ± 4.2 (26) 

60.6 ±4.7 (29) 


Data sources: (1) New recruits prior to basic training, from Vogel 
JA, Patton JF, Mello RP, Daniels WL. An analysis of aerobic 
capacity in a large United States population. / Appl Physiol. 
1986;60:494-500. (2) Recruits at the completion of 8 weeks of 
basic initial entry training, from Vogel JA, Patton JF, Mello RP, 
Daniels WL. An analysis of aerobic capacify in a large United 
States population. / Appl Physiol. 1986;60:494-500. (3) Soldiers 
assigned to units within the continental U.S., from Fitzgerald 

PI, Vogel JA, Daniels WL, Dziados JE, Teves MA, Mello RP, Reich 

PJ. The body composition project: a summary report and descriptive 
data. US Army Research Institute of Environmental Medicine; 
1986. Technical Report No. 5-87. (4) First year cadets at the U.S. 
Military Academy, West Point, from Daniels WL, Kowal DM, 
Vogel JA, Stauffer RM. Physiological effecfs of a military train¬ 
ing program on male and female cadefs. Aviat Space Environ Med. 
1979;50:562-566. 
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PRE-BASIC TRAINING 



MAXIMAL Ot UPTAKE (ml • kgBW*'• min*') 

Fig. 13-16. Distribution of Vo^max in male and female recruits at the beginning of basic training. Reprinted with 
permission from: Vogel JA, Patton JF, Mello RP, Daniels WL. An analysis of aerobic capacity in a large United States 
population. / Appl Physiol. 1986;60:497. 


rate aerobic fitness standards for fhe fwo genders. 
Available dafa on gender differences are summa¬ 
rized from several sfudies in Table 13-6. The mini¬ 
mal overlap befween genders in V 02 max (per kg 
body weighf) is illusfrafed in Figure 13-16. Table 
13-7 presenfs furfher gender comparisons from es- 
fimafed aerobic fifness dafa collecfed during a large 
army fifness survey ufilizing fhe fwo-mile-run 
evenf on fhe physical fifness fesf.^^ 

Age 

Age is anofher generally recognized facfor fhaf 
influences V02max. As wifh gender, fhe effecf of 
age is, fo some degree, unavoidable. Alfhough in- 
fense framing can reduce or delay fhe aging effecf, 
ifs influence can be seen in fhe majorify of fhe popu- 
lafion and, evenfually, even in elife afhlefes.^ The 
army fakes fhis info accounf by adjusfing fhe fif¬ 
ness sfandards info five age groups. The age effecf 
on aerobic fifness is illusfrafed in Figure 13-17 and 
presenfed in Tables 13-7 and 13-8. 

Unit Assignment and Occupation 

Ofher facfors fhaf may influence populafion sfa- 
fisfics of aerobic fifness include fhe type of unif fo 


which fhe service member is assigned and his 
occupafional specialfy. If would be reasonable fo ex- 

TABLE 13-7 

EFFECT OF GENDER AND AGE ON THE US 
ARMY PHYSICAL FITNESS TEST'S TWO-MILE- 
RUN FOR TIME FOR THE ESTIMATION OF 
AEROBIC CAPACITY* 


Age Group (y) 

Minutes:Seconds, Mean (n) 

Women 

Men 

17-21 

18:12 (111) 

14:43 (1,157) 

22-26 

17:43 (228) 

14:49 (1,688) 

27-31 

18:14 (164) 

15:09 (1,017) 

32-36 

19:15 (119) 

15:28 (825) 

37-41 

19:26 (34) 

16:01 (382) 

42-46 

20:08 (18) 

16:30 (217) 

47-51 

21:09 (2) 

17:00 (54) 


Standard deviations not available. 

Adapted with permission from O'Connor JS, Bahrke MS. 1988 
Active army physical fitness survey. Mil Med. 1990;12:579-585. 
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Fig. 13-17. Decline in Vo 2 max with age in 
infantry soldiers. Groups representing dif¬ 
ferent training programs: VI—stateside 
males assigned to units in the Continental 
United States; VII—males assigned to an 
overseas combat infantry unit known for its 
intensive running program; and VIII— 
males over the age of 40 years. Reprinted 
with permission from Vogel JA, Patton JF, 
Mello RP, Daniels WL. An analysis of aero¬ 
bic capacity in a large United States popu¬ 
lation. / Ayyl Physiol. 1986;60:497. 


AGE 

TABLE 13-9 


pect that combat units, particularly infantry and 
infantry occupations, would show among the high¬ 
est values of aerobic fifness. This may nof always 
be fhe case because fhe emphasis placed on physi¬ 
cal framing by individual and unif fraining pro¬ 
grams can vary greafly and can readily override 
fhe occupafional effecf of fhe unif or job. Thus, a 
headquarfers or signal unif mighf show an exceed¬ 
ingly high level of V 02 max because of fhe com¬ 
mander's emphasis on fifness, regardless of fhe 


TABLE 13-8 

EEEECT OE AGE ON AEROBIC CAPACITY, 
ASSESSED BY DIRECTLY MEASURED 
MAXIMUM OXYGEN CONSUMPTION (mL/kg 
BW/min) IN SOLDIERS ASSIGNED TO UNITS 
WITHIN THE CONTINENTAL UNITED STATES 


Age Group (y) 

Mean 

± SD (n) 

Women 

Men 

17-20 

41.2 ± 5.3 (51) 

51.9 ±4.5 (128) 

21-27 

39.6 ± 3.9 (140) 

50.1 ± 5.8 (337) 

28-39 

38.0 ± 5.4 (46) 

45.1 ± 5.7 (276) 


Adapted from Fitzgerald PI, Vogel JA, Daniels WL, et al. The 
body composition project: a summary report and descriptive data. 
Natick, Mass: US Army Research Institute of Environmenfal 
Medicine; 1986:Technical Report No. 5-87. 


AEROBIC CAPACITY IN A SAMPLE OE US 
ARMY UNITS* 


Unit 

n 

Mean ± SD 

Infantry (Korea)^ 

315 

51.9 ± 6.0 

Armor (Texas)^ 

62 

47.0 ±5.1 

Artillery (Oklahoma)^ 

29 

52.1 ±5.5 

Infantry (Washington)"* 

34 

53.6 ±5.6 

Infantry (Alaska)^ 

82 

57.7 ±5.2 

Infantry (California)^ 

28 

58.6 ±5.7 


Values represent directly measured maximal oxygen uptake during 
treadmill running (mL /kg BW / min) in male soldiers. Data sources: 
(1) Vogel JA, Patton JF, Mello RP, Daniels WL. An analysis of 
aerobic capacify in a large United Slates population. / Appl Physiol. 
1986;60:494-500.73. Knapik J, Daniels W, Murphy M, Filzgerald P, 
Drews F, Vogel J. Physiological factors in infanlry operations. Eur 
] Appl Physiol. 1990; 60:233-238. (2) Wright JE, Vogel JA, Sampson 
JB, Knapik JJ, Patton JF, Daniels WL. Effects of fravel across time 
zones (jef-lag) on exercise capacify and performance. Aviat Space 
Environ Med. 1983; 54:132-137. (3) Paffon JF, Vogel JA, Damokosh 
AI, Mello RP, Knapik JJ, Drews FR. Physical Fitness and Physical 
Performance During Continuous Field Artillery Operations. Natick, 
Mass: US Army Research Instilule of Environmental Medicine; 
1987. Technical Report No. T 9-87. (4) Knapik J, Daniels W, Murphy 
M, Fitzgerald P, Drews F, Vogel J. Physiological factors in infantry 
operations. Eur] Appl Physiol. 1990; 60:233-238. (5) Knapik J, Bahrke 
M, Staab J, Reynolds K, Vogel J, O'Connor J. Frequency of Loaded 
Road March Training and Performance on a Loaded Road March. Natick, 
Mass: US Army Research Institute of Environmental Medicine; 
1990. Technical Report No. T13-90. (6) Mello RP, Damokosh AI, 
Reynolds KL, Witt CE, Vogel JA. The Physiological Determinants of 
Load Bearing Performance at Different March Distances. Natick, Mass: 
US Army Research Institute of Environmenfal Medicine;1988. Tech¬ 
nical Reporf No. T 15-88. 
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TABLE 13-10 

MAXIMAL LIFTING STRENGTH TO 152 CM AS 
A FUNCTION OF TRAINING STATE USING AN 
INCREMENTAL DYNAMIC WEIGHT STACK 
MACHINE (kg) 


Category 

Mean 

± SD (n) 

Women 

Men 

•k 

New Accessions 

29.5 ± 5.4 (988) 

60.6 ± SD (972) 

Post Training^ 

34.6 ± 5.8 (495) 

65.8 ± 10.8 (476) 

Unit Assignees'*^ 

30.7 ± 6.8 (302) 

61.0 ± 13.6 (1,078) 


Prior to basic initial entry training. 

^Upon completion of basic and occupational training. 
^Personnel assigned to various units within the continental U.S. 
Adapted from Sharp MA, Vogel JA. Maximal lifting strength 
in military personnel. In: Kumar S, ed. Advances in Industrial 
Ergonomics and Safety IV. London: Taylor & Francis; 1992. 

demands of the occupations or mission. Table 13-9 
presents representative values of a variety of units 
where directly measured V 02 max data have been 
collected. 


Muscular Strength and Muscular Endurance 

Population data on strength and muscular endur¬ 
ance in the military services are relatively scarce. A 
major impediment in gathering such data is the 
wide variety of methods used and muscle groups 
assessed. One exception is the measurement of the 
"one repetition maximal lift" to a standard height 
as assessed with an incremental lifting procedure 
and weight stack machine.Such a measurement 
of "whole body strength" has been used extensively 
in Armed Forces Military Entrance Processing Sta¬ 
tions for occupational screening and qualification. 
Subsequently, this maximal lift measurement has 
been collected in a number of army studies and has 
been reported by Sharp and Vogel.Table 13-10 
summarizes this measurement as a function of train¬ 
ing state. Figure 13-18 contrasts the gender distri¬ 
butions for this measurement. Measured in this way 
(whole body length), women average approxi¬ 
mately one half the lifting strength of men. This is 
a slightly larger gender difference than that found 
in the strength of specific muscle groups. Gender 
differences are typically greater in the upper body 
and less in the lower body.®^ 



Fig. 13-18. Distribution of maximal lift strength of male and female soldiers. Adapted with permission from Sharp 
MA, Vogel JA. Maximal lifting strength in military personnel. In: Kumar S, ed. Advances in Industrial Ergonomics and 
Safety IV. London: Taylor & Francis; 1992: 1263. 
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PRINCIPLES OF PHYSICAL TRAINING 


The body's capacity to perform physical activi¬ 
ties is a function of ifs genefically defermined body 
characferisfics as well as fhe exfenf fo which fhe 
body and ifs sysfems have adapfed fo a parficular 
fype and amounf of exercise. While an individual 
has no confrol over fhe genefic componenf, he can 
bring abouf adapfafion fhrough an increased level 
of physical acfivify. When increased physical acfiv- 
ify is formalized info a regular program of sched¬ 
uled exercises beyond fhe usual living and occupa- 
fional acfivifies, if is referred fo as physical training. 
Thus, physical framing is fhe acfivify of imposing 
increasingly greafer loads on fhe body's sysfems fo 
bring abouf adapfive responses fhaf permif fhe han¬ 
dling of fhese increased loads wifh less sfrain and 
sfress on fhe individual. Once fhe desired level of 
exercise capacify is achieved, physical framing musf 
confinue fo refain fhe adapfive changes. 

The adapfive response appears fo have fwo com- 
ponenfs; (1) an inifial one of deplefion or break¬ 
down, which in furn, friggers (2) rebuilding and 
super replefion, following fhe paffern of fhe sfress 
reacfion as firsf proposed in 1957 by Selye.®^ The 
body's response fo physical framing follows sev¬ 
eral well idenfified principles: overload, progres¬ 
sion, specificify, defraining, and overfraining. 

Training Principles 

Overload 

To achieve an adapfafion or abilify fo handle 
greafer amounfs of exercise, fhe body musf be chal¬ 
lenged wifh a load greafer fhan fhaf fo which if is 
accustomed. By exercising af a level above "normal" 
(overload), fhe body responds physiologically fo 
accommodafe fhis greafer load unfil fhaf load be¬ 
comes fhe norm. The overload musf be presented 
progressively and wifh sufficienf intervening recov¬ 
ery fime fo avoid damage or failure fo fhe sysfems 
involved.®^ The added load can be presenfed by in¬ 
creasing fhe infensify, durafion, or frequency of fhe 
framing acfivify. Intensity refers fo fhe absolute level 
of exercise (sfrengfh of fhe sfimulus), such as speed 
of running or fhe amounf of mass liffed. Load can 
also be modified by adjusfing fhe duration of fhe 
fraining bouf (minutes fhaf fhe sfimulus is applied) 
and by the frequency (boufs of fraining per week) of 
fraining. Frequenfly, a combinafion of infensify, 
durafion, and frequency are used over fhe course 
of a formal fraining program fo produce a fraining 


overload. Applicafion of fhese fhree mefhods of 
load adjusfmenf will be discussed af fhe end of fhis 
secfion. 

Progression 

If is well esfablished fhaf for fraining fo be mosf 
effecfive, fhe overload placed on fhe individual 
should be given in a regular and gradually increas¬ 
ing fashion. The loading sfimulus musf be admin- 
isfered frequenfly enough fo refain fhe adapfafion 
and build on fhe response. The sfimulus fhen is in¬ 
creased so fhe new load again becomes an overload. 
This confinues unfil fhe desired response is 
achieved or unfil no furfher gains can be elicifed. 
Af very high fraining intensifies, large addifional 
loads, usually in terms of durafion and frequency, 
musf be added for very small incremenfal gains. For 
opfimum resulfs, fraining progression should be 
individualized, because fhe sfarfing level and final 
objecfive may be quife differenf among individu¬ 
als; fhis, of course, is nof usually pracfical in many 
milifary settings. Gains are fypically greafer af fhe 
beginning, more so wifh fhe less fif, and fhen be¬ 
come more gradual wifh fime. Women army recruifs 
fypically show large percenfage gains in fifness 
scores during basic inifial enfry fraining because of 
fheir lower relafive level of physical capacify (lower 
percenfage of pofenfial) when fhey enter fhe ser¬ 
vice. Figure 13-19 illusfrafes fhe concepfs of over¬ 
load, progression, and recovery during fhe adap¬ 
five process fo physical fraining. 



Fig. 13-19. Depiction of the training principles of over¬ 
load, progression, and recovery. 
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Specificity 

Specificity, in the context of physical training, 
refers to the concept that adaptive responses to 
training are specific to the training mode and 
muscles involved. For example, in general, aerobic 
training has little effect on muscular strength, while 
resistance or strength training has minimal effects 
on V 02 max.“Even within the category of aerobic 
training, run training has the most pronounced ef¬ 
fects on running performance and less on other 
aerobic activities, such as swimming or cycling. This 
is due to the fact that many training adaptations, 
as will be discussed later in this section, occur at 
the cell level of the specific muscles being trained. 
In resistance training, the responses achieved 
(strength gained) are generally specific to the speed 
of contraction, the type of contraction (eg, isomet¬ 
ric, isotonic, isokinetic), the muscle group involved, 
and the energy system utilized (stored vs anaero¬ 
bic generated energy), although there can be some 
carry over in strength gained at low isokinetic 
speeds compared to that measured at higher speeds. 

In practice, the principle of specificity should be 
applied in military physical training programs, in 
both general physical conditioning and job-specific 
physical training. For general conditioning, as con¬ 
ducted in basic recruit training, exercises should be 
selected specific to each of the three categories of 
fitness. Running is specific to aerobic fitness and 
will not enhance muscular strength of the upper 
body. Job-specific physical training should utilize 
exercises that mimic the anticipated task or that are 
specific to the muscle groups, intensity, and neuro¬ 
muscular patterns that occur during the perfor¬ 
mance of the task; or it should include actual per¬ 
formance of the task. 

An example of job-specific physical training 
would be loaded road marching for the light infan¬ 
try. While running will provide an adequate base of 
aerobic fitness, it should not suffice as the only aero¬ 
bic training for loaded road marching. Knapik and 
associates'^ found that the addition of road march 
training twice a month to a well balanced running 
and resistance training program improved road 
march performance compared to a program with 
no road march training. There are many anecdotal 
reports from military operations in the Falkland 
Islands and Grenada that load carriage was a ma¬ 
jor problem in troops who had trained primarily 
with traditional unloaded running programs. 

The movement of artillery projectiles by howit¬ 
zer crewmen is another task that lends itself to train¬ 


ing specificity. Artillery crews should receive a good 
resistance strength/power program, but it should 
be supplemented by exercises that simulate the 
movement patterns employed in the movement of 
the projectiles. 

Detraining 

Detraining, or a decrease in the level of exercise 
capacity, will result when training ceases or when 
the frequency decreases below a minimum thresh¬ 
old value necessary to maintain the adaptive stimu¬ 
lus for that level of exercise capacity. Thus, once a 
desired level of exercise capacity is achieved, a level 
of training must be continued to maintain that level, 
otherwise it will return to the base level of physical 
activity; in other words: it is reversible. In the clas¬ 
sical bedrest study of Saltin and colleagues,®® a se¬ 
vere form of detraining, physiological capacity de¬ 
creased approximately 1% per day. In a more typical 
form of detraining, Coyle and associates®® showed 
that cessation of intense endurance training in track 
athletes led to a 7% decline in V02max over the first 
21 days, and after 56 days stabilized 16% lower than 
initial trained values. 

In a review of aerobic detraining research, 
Neufer®^suggested that aerobic capacity as mea¬ 
sured by V 02 max diminished with detraining, due 
to a decline in maximal SV and C.O. The latter ap¬ 
pears to be related to an initial reduction in blood 
volume. As the length of detraining continues, O 2 
delivery to the tissues will eventually decrease. The 
specific cause or causes for reduced O 2 delivery are 
not known. 

Less information appears to be available regard¬ 
ing strength and resistance detraining,®® particularly 
the time course. Strength detraining leads to muscle 
atrophy due to diminished fiber cross-sectional area. 

Houmard®® has reviewed the literature concern¬ 
ing detraining on subsequent performance. In well 
trained endurance athletes, reduction of the weekly 
volume (frequency and duration) of training by 70% 
to 80% for up to 3 to 4 weeks will not decrement 
maximal performance values, as long as training 
intensity is maintained. Neufer®^ concluded that 
reductions of 30% to 60% in training volume did 
not alter aerobic performance as long as the inten¬ 
sity of the exercise session was maintained. This has 
also been reported for strength training. Further¬ 
more, Coyle and colleagues®® have shown that ath¬ 
letes who have trained intensely over long periods 
are more resistant to losses in muscle adaptive 
changes once training ceases compared to those 
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who have trained only a short period of time. It 
appears that adaptations to long-term physical 
training are relatively resistant to change, and ma¬ 
jor losses can be prevented with modest levels of 
mainfenance framing. 

Overtraining 

Overfraining is a condifion characferized by fail¬ 
ure fo successfully adapf fo increased fraining over¬ 
load, and is indicafed by such sympfoms as gen¬ 
eral fafigue, poor performance, chronic lefhargy, 
and inabilify fo recover from exercise.The prob¬ 
able cause is a foo rapid progression in fraining 
load, excessive fraining volume, or inadequafe resf 
and recovery fime, or a combinafion of fhese. In 
addifion fo decremenfs in exercise capacify, fhe 
overfraining syndrome may include a depressed 
psychological profile, suppressed immune funcfion, 
and a general disrupfion of homeosfasis. 

A sfafe of overfraining is mosf commonly re- 
porfed for compefifive afhlefes who are pushing fhe 
limifs of fraining folerance®^ if is nof generally a 
concern for milifary unif fraining. Some possible 
excepfions include fhe inifial sfages of recruif frain¬ 
ing, elife forces fraining, and fhe frain-up by indi¬ 
viduals affempfing fo meef a requiremenf or sfan- 
dard in a shorf fime period, parficularly older age 
service members. 

Cenfral fo fhe avoidance of fhis overfraining syn¬ 
drome is fhe gradual applicafion of small incre- 
menfs in loading, combined wifh adequafe resf and 
recovery. Hard and lighf infensify workoufs, or 
aerobic and resisfance workoufs, can be alfernafed. 
The recovery period is necessary for homeosfasis 
fo be reesfablished fo fhe higher level of imposed 
exercise load. Finally, fhe signs of overfraining musf 
be heeded. These signs include nervousness or in¬ 
abilify fo relax, gradual increase in muscle soreness 
wifh confinued fraining sessions, unexplained 
weigh! loss, inabilify fo complefe fraining sessions, 
lowered resisfance fo respiratory infecfions, loss of 
appefife, and unexplained drop in physical perfor¬ 
mance.*® 

The Training Response 

Improvemenf broughf abouf by physical frain¬ 
ing is fhe resulf of adapfive changes fhaf occur in 
fhe body fhaf are specific fo fhe fype of fraining. 
This is a topic of exfensive invesfigafion and re¬ 
view. The primary responses will be reviewed 
here according fo fhe cafegory of fraining. 


Aerobic Training 

Responses fo aerobic fraining occur primarily in 
fhe muscle and cardiovascular sysfem. Skelefal 
muscle responds fo aerobic-fype fraining wifh in¬ 
creased capillarizafion, vascular conducfance, and 
muscle blood flow during exercise. Af fhe same 
fime, fhe size and number of muscle cell mitochon¬ 
dria are increased, leading fo enhanced levels of 
oxidafive enzymes, fhus increasing fhe oxidafive 
capacify of fhe muscle. Bofh fhis and enhanced 
muscle blood flow resulf in greafer pofenfial for O 2 
delivery and VO 2 by fhe muscle fissue during exer¬ 
cise. 

The primary cardiovascular responses fo aero¬ 
bic fraining include increased myocardial size and 
confracfilify, enhanced blood volume along wifh a 
diminished fofal peripheral vascular resisfance. 
These changes lead fo a greafer SV, which in torn, 
permifs a greafer maximal exercise C.O. The en¬ 
hanced C.O., combined wifh fhe greafer O 2 deliv¬ 
ery and exfracfion, resulfs in fhe greafer V 02 max 
fhaf occurs wifh aerobic fraining. 

Resistance Training 

The mosf noficeable response fo resisfance frain¬ 
ing, as compared fo aerobic fraining, is fhe enlarge- 
menf of fhe muscles being exercised. This enlarge- 
menf is due fo hyperfrophy of fhe individual muscle 
fibers. This hyperfrophy resulfs from an increase 
in size and number of acfin and myosin filamenfs, 
and addifional sarcomeres wifhin fhe fibers. Hyper¬ 
plasia may also occur fhrough fhe process of fiber 
spliffing, alfhough evidence of fhis in humans is sfill 
debafed. 

Depending on fhe nafure of fhe fraining, fhe hy¬ 
perfrophy may be selecfive for fiber fype. For ex¬ 
ample, glycolyfic fasf fwifch fibers show greafer 
enlargemenf in power liffers who employ high- 
infensify and low-volume fraining as opposed fo 
body builders who use lower-infensify and higher- 
volume fraining. Increased capillarizafion of fhe 
muscle occurs only in fhe lower-infensify fype of 
resisfance fraining. Acfivify levels of fhe anaerobic 
enzymes (phosphorylase, phosphofrucfokinase, 
hexokinase, lacfafe dehydrogenase, and pyruvafe 
kinase) change very liffle wifh fraining, and only 
in fhe fype 2 fibers. 

Cardiovascular changes fo resisfance fraining are 
relafively minimal as compared fo aerobic fraining, 
alfhough some improvemenf in V 02 max can be 
achieved. This is parficularly frue when resf peri- 
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ods are minimized in order to sustain an elevated 
cardiac stimulus, a prerequisite for improvements 
in cardiovascular capacity. Cardiac enlargement 
does occur in resistance training, but for differenf 
reasons fhan in aerobic fraining. In fhe laffer, fhe 
leff venfricle enlarges in response fo increased de¬ 
mand for SV fo supply a greafer muscle fissue blood 
flow demand and a concomifanf lower peripheral 
resisfance. Resisfance fraining, on fhe ofher hand, 
causes enlargemenf because fhe venfricle musf 
pump againsf a higher peripheral resisfance due fo 
parfial occlusion of fhe vessels during muscle con- 
fracfions. 

In addifion fo fhese major changes in fhe muscle 
and cardiovascular sysfem, many supporfive 
changes occur wifh physical fraining fhaf assisf in 
fhe adapfafion fo fhe higher exercise load. These 
include changes in fhe nervous and endocrine sys- 
fems, connecfive fissue, and bone. 

Neural adapfafion plays an imporfanf role in 
resisfance fraining. This includes an increased 
neural drive fo fhe muscle, increased synchroniza- 
fion of mofor unifs, increased acfivafion of fhe con- 
fracfile apparafus, and fhe release of inhibifory pro- 
fecfive mechanisms. Neural mechanisms probably 
accounf for fhe rapid early increase in sfrengfh be¬ 
fore fhe slower responding muscle hyperfrophy 
occurs. 

The endocrine sysfem also supporfs fhe adapfa¬ 
fion process in exercise fraining. The anabolic hor¬ 
mones, fesfosferone and growfh hormone, play a 
role in fhe muscle hyperfrophy process. Ofher hor¬ 
mones confrol fhe increased subsfrafe availabilify 
fhaf is required, fhaf is, insulin, glucagon, fhyrox- 
ine, and epinephrine. 

Finally, sfrucfural changes occur in fhe bone and 
arficular carfilage, which sfrengfhen fhem fo sup- 
porf greafer muscle confracfile forces. Bone is re¬ 
modeled when subjecfed fo increased loads wifh a 
subsequenf increase in bone mineral densify and 
greafer mechanical sfrengfh. Wifh physical frain¬ 
ing, arficular carfilage increases in fhickness, which 
leads fo a greafer surface area and compressibil- 
ify, and bofh facfors will reduce fhe force per unif 
area. Training also induces hyperfrophy and fhe 
sfrengfhening of fhe fendons and ligamenfs.” 

Training Program Components 

The effectiveness or gain resulting from a frain¬ 
ing program depends on fhe mode and exfenf of fhe 
sfimulus which is applied. The exfenf of fhe frain¬ 
ing sfimulus (or overload) can be furfher quanfi- 
fied in ferms of intensity of fhe workouf, duration of 


fhe exercise period, fhe frequency of fhe exercise 
boufs, and fhe fofal length of fhe fraining program. 

Mode 

The mode of fhe sfimulus refers fo fhe fype of 
physical acfivify being used, for example, running, 
cycling, swimming, rowing, and so forfh. The mode 
of acfivify chosen is imporfanf from fhe sfandpoinf 
of specificify fo fhe fype of gains desired and fhe 
effecfiveness of fhe sfimulus. Swimming is nof an 
effecfive fraining mode for sprinfers. Similarly, cy¬ 
cling is nof an appropriafe fraining mode for arm 
and shoulder sfrengfh developmenf. 

Intensity 

Infensify refers fo fhe absolufe mefabolic or me¬ 
chanical load imposed by fhe fraining program. For 
aerobic fraining, infensify is presenfed fypically as 
a funcfion of velocify, as in running, walking, swim¬ 
ming, skafing, and so forfh, or grade of incline for 
walking or running. In sfafionary cycling, infensify 
is applied in ferms of eifher mechanical or elecfri- 
cal resisfance againsf pedaling. The infensify of 
ofher modes of fraining, such as climbing, rowing, 
and bicycling, is more difficulf fo quanfify in abso¬ 
lufe ferms, and is, fherefore, offen represenfed in 
ferms of energy (calories) expended. 

In resisfance fraining, infensify is expressed as 
power oufpuf, fhaf is, velocify mulfiplied by fhe 
load or resisfance. Thus, infensify of resisfance 
fraining can be adjusfed by changing fhe speed of 
fhe confracfion, as well as load displaced or fhe 
force exerfed againsf a resisfance. 

Duration 

Durafion refers fo fhe fime over which fhe sfimu¬ 
lus is applied during a fraining session and is ap¬ 
plicable in bofh aerobic and resisfance fraining. In 
resisfance fraining, however, because exercise is 
fypically inferspersed wifh resf periods, if is cus- 
fomary fo quanfify fhe "durafion" of a resisfance 
fraining session in ferms of fhe acfual number of 
muscular confracfions performed, fhaf is, fhe num¬ 
ber of sefs (a period of confinuous confracfions 
wifhouf resf) and fhe number of confracfions per 
sef performed during a workouf. 

Frequency 

Training frequency refers fo fhe number of frain¬ 
ing sessions or workoufs per week, monfh, or year. 
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This is an important descriptive variable since it has 
been shown that insufficient frequency will nof pro¬ 
duce gains or mainfain an achieved gain, while ex¬ 
cessive frequency will lead fo overfraining and 
injuries. The frequency chosen for a parficular pro¬ 
gram will depend on fhe mode and infensify of 
framing buf fypically ranges from fwo fo five fimes 
per week. This will be furfher discussed in fhe sub- 
sequenf secfion on fraining programs. 


Length 

In physical fraining, lengfh refers fo fhe fime 
period of a program chosen fo meef a desired goal. 
Typically, programs are 8 fo 12 mo long; special ap- 
plicafions may be less or much more fhan fhis. Train¬ 
ing for a parficular afhlefic goal (eg, Olympic com- 
pefifion) may be years in lengfh; fraining fo achieve 
general fifness and healfh should be perpefual. 


PHYSICAL TRAINING PROGRAMS 


Milifary healfhcare providers are consulfed abouf 
individuals who repeafedly fail periodic physical 
fifness fesfs, who are chronically overweighf 
or overfaf, who have femporary or permanenf 
medical profiles prevenfing fhem from physical 
fraining, who are over 40 years of age wifhouf medi¬ 
cal clearance for fesfing, and who are new arrivals 
who may nof meef fhe fifness sfandards and need 
individual help. This secfion is designed fo prepare 
healfhcare workers fo provide guidance in fhese 
sifuafions. Represenfafive examples are given fo il- 
lusfrafe fhe principles and componenfs of fraining 
jusf discussed. The emphasis will be on fhe indi¬ 
vidual rafher fhan fhe unif, alfhough many ex¬ 
amples are appropriafe fo bofh. Since each fifness 
componenf requires separafe fraining acfivifies, 
each componenf will be discussed separafely, fol¬ 
lowed by some commenfs regarding infegrafion 
info a comprehensive program. 

General Considerations 

The purpose of any physical fraining program, 
whefher if be for a unif or an individual, should 
be fo achieve one or more benefifs or goals fhaf 
are idenfified af fhe beginning. These goals should 
nof be used for punishmenf and should nof be used 
simply fo pass fhe periodic physical fifness fesf. 
Training programs should have one or more of 
fhe following objecfives: (a) an increase in exercise 
capacify, which franslafes info improved physical 
job performance and physical reserve for emergen¬ 
cies; (b) promofion of good healfh and milifary 
appearance (including weigh! and faf confrol); 
and (c) promofion of fhe posifive behavioral char- 
acferisfics of discipline, menfal foughness, group co¬ 
hesion, esprif de corps, and a feeling of self-worfh 
and self-pride. The acfual design of individual pro¬ 
grams should fake info considerafion fhe service 
member's relafive priorify among fhese objecfives. 
Group programs should include all fhree of fhese 
objecfives and fhen vary only in regard fo fhe fype 


and degree of exercise capacify fhaf is fo be 
achieved. 

Fifness fesfing, alfhough nof fhe appropriafe end 
poinf for a program, is, neverfheless, an imporfanf 
fool in a physical fraining program. Fifness fesfs are 
useful in judging fhe proper sfarfing poinf for a 
program, as well as for measuring ifs progress. 
Skilled or experienced individuals can use fraining 
acfivify performance fo accomplish fhe same goal, 
buf prescribed fesfs are more suifable for fhe inex¬ 
perienced or fhe group fraining sifuafion. 

Finally, several imporfanf poinfs of general guid¬ 
ance should be given fo fhe uncondifioned indi¬ 
vidual abouf fo sfarf a fraining program: (a) sfarf 
slowly, (b) progress gradually, and (c) incorporafe 
variafion. Injuries, discouragemenf, and loss of in- 
feresf will occur if fhe principles of fraining, par- 
ficularly fhose of infensify and progression, are nof 
followed. 

Aerobic Training 

Mode 

An adequafe sfimulus for fhe aerobic componenf 
of fifness, fhaf is, fhe various componenfs of fhe 
O 2 delivery and ufilizafion sysfem, includes frain¬ 
ing fhaf involves confinuous, rhyfhmic exercise 
acfivifies of a large muscle mass. The large muscle 
mass is needed fo creafe fhe mefabolic demand 
necessary fo bring abouf fhe adapfive changes 
fo fhe hearf and circulafion. For fhis reason bi¬ 
ceps curls would nof be suggesfed as an aerobic 
fraining acfivify. Appropriafe aerobic acfivifies in¬ 
clude walking, running, cycling, swimming, row¬ 
ing, sfair climbing, and skiing, or any ofher rhyfh¬ 
mic acfivify fhaf employs fhe large muscle groups 
of fhe legs, arms, and shoulders. Walking wifh loads 
(backpacking) is an excellenf aerobic fraining ac¬ 
fivify fhaf has fhe advanfage of lower impacf forces 
on fhe lower exfremifies fhan are associafed wifh 
running. 
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Frequency 

There is ample evidence that a minimum fre¬ 
quency of fwice per week, and more preferably 
fhree fimes per week, is necessary fo achieve gains 
and fo mainfain a desired aerobic fifness goal. 
Greafer gains can be achieved by framing up fo five 
fimes weekly, buf fhis musf be weighed againsf fime 
requiremenfs for ofher framing acfivifies and fhe 
pofenfial cosf in increased injuries.®^ 

Intensity 

An adequafe sfimulus for increasing aerobic ca- 
pacify is an exercise infensify equivalenf fo 50% fo 
85% of V02max. More practically, fhis is equivalenf 
fo an infensify level of 60% fo 90% of maximal HR 
reserve (age-adjusfed maximal HR minus resfing 
HR). For fhe beginner or low-fif individual, programs 
should sfarf af fhe low end of fhis range, while fhose 
wifh high initial capacities will need fo frain af fhe 
high end of fhis range, referred fo as fhe fargef HR. 

Duration 

The durafion of fhe aerobic fraining session is as 
imporfanf as fhe infensify and frequency. To be ef- 
fecfive, fhe sfimulus fo fhe circulafion and muscle 
musf be mainfained for a minimum of 15 minufes. 
Training durafions of 30 fo 60 minufes are opfimal, 
again depending on fhe sfarfing level and fhe de¬ 
sired goal. 

Summary 

Running and loaded road-marching are excellenf 
aerobic acfivifies fhaf fake liffle or no equipmenf or 
facilifies. Depending on fhe availabilify of facilifies, 
ofher acfivifies can be added or subsfifufed fwice a 
week for 15 fo 20 minufes for each session, provided 
fhey involve rhyfhmic acfivify of large muscle 
groups af an infensify of af leasf 60% of maximal 
HR reserve. Higher infensifies, longer fraining ses¬ 
sions, and more frequenf sessions will bring abouf 
greafer improvemenf. For more defailed informa¬ 
tion, fhe reader is referred fo fexfbooks of exercise 
physiology and aerobic fifness.^'^^'^^'®® 

Anaerobic Power Training 

Mode 

Anaerobic power (muscular endurance) fraining 
modes can fake several forms: (a) fradifional resis- 


fance exercise wifh free weighfs or resisfance equip¬ 
menf; (b) use of body weighf for resisfance; or (c) 
adapfing fradifional aerobic fraining modes by per¬ 
forming fhem in a repeafed, brief, and relafively 
infense fashion. The choice befween using free 
weighfs, weighf sfack machines, or ofher resisfance 
machines offen depends more on availabilify fhan 
fhe fheorefical advanfages of one sysfem or machine 
over anofher. The fheorefical advanfages are more 
imporfanf fo fhe serious compefifor and are nof of 
parficular concern fo fhe average service member. 
If no equipmenf is available, as may be fhe case in a 
milifary unif fraining environmenf, an individual 
can use his own body weighf or fhe weighf of a parf- 
ner for resisfance exercise. Many examples of parf- 
ner-resisfed exercises are given in fhe army's Physi¬ 
cal Fifness Training manual.*Pushups, pullups, and 
sifups are examples of muscular endurance frain¬ 
ing using an individual's own body weighf. 

Common aerobic fraining modes can be adapfed 
for muscular endurance fraining by performing 
fhem in an anaerobic manner, including sprinf run¬ 
ning and sprinf cycling for fhe lower body, and 
sprinf rowing for fhe upper body. Sprinf fraining 
should employ repeafed maximal efforfs of 15 fo 
60 seconds in durafion wifh minimal infervening 
resf. 

Intensity and Duration 

Infensify and workouf durafion are closely re- 
lafed in anaerobic power fraining. There is a wide 
range of choices, depending on fhe specific goal, 
buf fhe fradifional approach employs one-sef rou¬ 
tines fo muscle failure af a relafively low resisfance 
(infensify), for example, 20% fo 40% of IRM. A sef 
refers fo a series of movemenf repefifions wifhouf 
sfopping. The IRM is defined as fhe maximal 
amounf of weighf or resisfance fhaf can be moved 
once. In fhis case, an exercise fraining session for a 
parficular muscle group would consisf of repeaf- 
ing fhe movemenf wifhouf resf af 20% fo 40% of 
fhe IRM resisfance unfil failure. 

Summary 

Anaerobic power fraining programs are quife 
varied, depending on facilifies available, muscle 
groups chosen, and specific goals. One-sef, 20% fo 
40% of IRM, is fypically used wifh free weighfs or 
ofher weighf and resisfance equipmenf. Ofher 
modes of rhyfhmic exercise can be used if infensify 
is near maximum and resf periods are minimized. 
The reader is referred fo Fleck and Kraemer,^'* and 
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O'Shea®^ for further details and examples of mus¬ 
cular endurance training. 

Strength Training 

Mode 

The same training modes mentioned for muscu¬ 
lar endurance training can also be used for strength 
training, but the most effective are free weights or 
resistance equipment. This is due to the fact that 
the very high loads (resistance) needed for a 
strength training stimulus are most readily pre¬ 
sented with external weights rather than using body 
weight, running, or sprint activities. Resistance can 
be applied in a variety of ways: (a) isometrically— 
constant tension with no range-of-motion activity, 
(b) dynamic constant resistance (also referred to as 
isotonic)—constant tension throughout the range- 
of-motion as in typical weight lifting, (c) eccentri¬ 
cally—muscle lengthening movement (also called 
negative resistance), (d) variable resistance—chang¬ 
ing resistance through the range-of-motion, and (e) 
isokinetic—variable resistance at constant velocity 
through the range-of-motion. The latter two forms 
of training require machines that use either cams, 
lever arms, pulleys, or hydraulics. The choice be¬ 
tween these various methods is important only to 
the serious strength trainer or athlete. The begin¬ 
ner or novice should utilize either dynamic constant 
resistance or variable resistance, or both, depend¬ 
ing on the availability of equipment. 

Frequency 

The beginner or unconditioned individual 
should not strength-train more than three times per 
week. Recovery time is particularly important at the 
beginning of a strength-training program. 

Intensity and Duration 

In contrast to muscular endurance training where 
many repetitions at a relatively low power inten¬ 
sity are employed, strength training optimally re¬ 
quires high intensity with few repetitions between 
rest. The traditional, time-proven program is per¬ 
forming a training exercise of (a) a load of 2 to 6 
repetition maximums (the maximum weight or re¬ 
sistance that can be moved in no more than 2 to 6 
repetitions), which is equivalent to 85% to 95% of 
IRM; (b) 3 to 6 sets (one set equals 2 to 6 repeti¬ 
tions); and (c) 2 to 3 minutes of rest between sets. 
Beginners should exercise small muscle groups first 


and then larger groups, or alternate between upper 
body and lower body. 

This is not to say that low resistance and high 
repetitions will not produce strength gains as long 
as the exercise is performed to fatigue. In fact, with 
an injured individual, to avoid further injuries, it 
may be preferable to use the less optimal but safer 
procedure of low resistance and high repetitions. 

Summary 

The most effective stimulus for strength training 
utilizes relatively few repetitions between ample rest 
periods, at near maximal strength intensities. Constant 
and variable resistance methods are both effective 
for the beginning and average weight trainer. The 
reader is referred to Fleck and Kraemer,^'* O'Shea,®^ 
and Baechle and Groves^® for additional information. 

Training Program Integration 

The objective of most military physical training 
programs is to achieve and maintain fitness in all 
three categories of exercise capacity: aerobic, 
strength, and muscular endurance. The next step is 
to develop a mix of activities during the week to 
train all three categories. Unit programs may also 
wish to integrate exercises for flexibility, motor co¬ 
ordination, and sport competition. Table 13-11 gives 

TABLE 13-11 

EXAMPLE OF AN INTEGRATED TRAINING 
PROGRAM FOR ALL THREE CATEGORIES 
OF PHYSICAL FITNESS 


Weekday 

Category 

Activity 

Monday 

Aerobic 

Run 3-6 miles 


Anaerobic 

Interval sprint mns (6-8 x 

100 m) 

Tuesday 

Strength 

2-3 sets, 8-12 repetitions 


Anaerobic 

Pushups, situps, chinups 

Wednesday 

Aerobic 

Run 3-6 miles 


Anaerobic 

Circuit weight training, 1 set 
of low weight, high 
repetitions 

Thursday 

Strength 

2-3 sets, 8-12 repetitions 

Friday 

Aerobic 

Run 3-6 miles or specialty 
training, eg, loaded road 
march 
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an example program which can be used for unit 
training or as a guide for individual training. The 
example is illustrative of how all three categories of 
training can be integrated during a week's schedule. 

Occupational or Mission-Specific Physical Training 

The role and importance of training specificity 


has been pointed out in an earlier section. Running 
will not completely prepare soldiers for loaded road¬ 
marching, and resistance training on a universal 
gym will not optimally prepare cannoneers to move 
and load 45-kg projectiles for 155-mm howitzers. 
For these and other similar physically demanding 
job tasks, time should be allotted on a weekly or 
bimonthly basis for additional specificity training. 


MEDICAL PROBLEMS ASSOCIATED WITH PHYSICAL TRAINING AND EXERCISE 


The benefits and positive gains from physical 
training are not without costs. These costs are in 
the form of injury or illness resulting directly or in¬ 
directly from the training activity. The importance 
of this problem, and its cost to the individual in 
terms of lost time from work or training, as well as 
the costs of medical care and rehabilitation, have 
gained attention in the specialties of sports and oc¬ 
cupational medicine. The specialties deal with the 
epidemiology, diagnosis, treatment, and prevention 
of injuries and illnesses associated with physical ac¬ 
tivity and occupational work. Concern within the 
military about the cost of activity related injuries, 
particularly those associated with physical training, 
has received considerable attention recently, and 
active programs in injury epidemiology research are 
now in progress.®^ 

This section will address injuries and illnesses 
that are associated with physical training and op¬ 
erational (or occupational) activities in the military 
setting. This will include musculoskeletal injuries, 
hematological disorders, and cardiovascular disease 
associated with exercise, and injuries related to ex¬ 
ercise in environmental extremes. 

Musculoskeletal Injuries 

Incidence Rates 

Several recent studies^^'^^have documented the 
incidence of musculoskeletal injuries in army basic 
initial entry training, and infantry basic and 
advanced training (one station unit training) and 
the data are summarized in Tables 13-12 through 
13-17. An injury is defined as a complaint leading 
to a sick call visit for treatment. Table 13-12 pre¬ 
sents data for the 8-week army basic recruit train¬ 
ing and demonstrates the overall high incidence 
rates with initial military training. Doubling these 
monthly rates gives a total percentage incidence of 
50% and 27% for women and men, respectively, over 
the total period of the recruit training. These are 


similar to the rates reported by KowaT“ (62% for 
women, 26% for men) and Bensel and Kish'”'* (42% 
for women, 23% for men). Table 13-12 also shows that 
the majority of injuries are in the lower extremities. 
Stress fractures are singled out because of their large 
cost in limited duty time. The 2-fold higher rate of 
injuries in women is of particular concern as they 
move into more physically demanding jobs. Table 13- 
13 presents incidence rates on the sites and types 
of injury found during the 12 weeks of basic and 
advanced (one station unit) infantry training. 

One might predict that incidence rates in initial 
training would be higher than in operational units, 
but this does not appear to be the case, at least in 
combat arms units. Recent studies^”® found similar 
incidence rates in men, about 12% (see Table 13-14). 

TABLE 13-12 

INCIDENCE OE MUSCULOSKELETAL 
INJURIES IN EIGHT WEEKS OE US ARMY 
BASIC COMBAT TRAINING* 


Category 

Women 

(n=186) 

Men 

(n=124) 

Risk 
Ratio ^ 

All injuries 

50.5% 

27.4% 

1.8:1 

Lower extremity 

injuries 

44.6% 

20.9% 

2.1:1 

Stress fractures 

12.3% 

2.4% 

5.1:1 

Time-loss 

injuries 

30.1% 

20.2% 

1.5:1 

Limited duty days 

(n/100/mo) 

129 d 

40 d 

3.2:1 


Fort Jackson, South Carolina, 1984 
^Risk Ratio = female + male injury % 

Adapted from Jones BH, Manikowski RM, Harris JM, el al. Inci¬ 
dence of and Risk Factors for Injury and Illness Among Male and Fe¬ 
male Army Basic Trainees. Natick, Mass: US Army Research Insti¬ 
tute of Environmental Medicine; 1988. Technical Report No. T19-88. 
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TABLE 13-13 

CUMULATIVE INCIDENCE OE TRAINING 
INJURIES DURING ONE INEANTRY UNIT'S 
12-WEEK TRAINING SESSION (basic plus 
advanced, 303 men) 


Training Injury 

Incidence (%) 

Injury Site 

Foot 

10.9 

Ankle 

10.9 

Knee 

10.2 

Calf 

8.6 

Lower back 

5.9 

Thigh 

1.7 

Hip 

0.3 

Injury Type 

Nonspecific pain syndrome 

23.8 

Muscle strain 

8.6 

Ankle sprain 

6.3 

Other sprain 

1.0 

Overuse knee injury 

5.9 

Bone stress fracture 

3.0 

Bone stress reaction 

2.0 

Fascitis 

2.3 

Achilles tendinitis 

1.0 

Bursitis 

0.7 

Fracture 

0.7 

Unknown 

1.7 


Adapted trom Cowan D, Jones B, Tomlinson JP, Robinson J, 
Polly D, Frykman P, Reynolds K. The Epidemiology of Physical 
Training Injuries in US Army Infantry Trainees: Methodology, Popu¬ 
lation, and Risk Factors. Natick, Mass: US Army Research Insti¬ 
tute of Environmental Medicine; Technical Report No. T4-89, 
1989. 

One notable exception was the lower rate of stress 
fractures compared to new trainees, apparently a 
condition primarily found in new recruifs and dis¬ 
cussed lafer in fhis secfion. 

The confrasf befween fhese injury rafes and fhose 
for illness are nofeworfhy. Table 13-15 makes fhis 
confrasf for U.S. Army basic frainees and Table 13- 
16 for infanfry frainees and soldiers. While rafes 
were similar in basic frainees, fhe number of days 
of limifed dufy were considerably greafer for inju¬ 
ries, parficularly for women. In infanfry frainees 
and soldiers, fhe musculoskelefal injury rafe ex- 


TABLE 13-14 

INCIDENCE OE MUSCULOSKELETAL 
INJURIES IN MALE ARMY LIGHT 
INEANTRY SOLDIERS* 


Category 

6th Infantry 
Div^ (n = 561) 

10th Mountain 
Div* (n = 351) 

All injuries 

Lower extremity 

11.9 

27.6 

injuries 

10.6 

10.8 

Stress fractures 

0.5 

0.8 

Limited duty rate 
(n/100/month) 

80 

114 

Rate expressed as % of soldiers per month; based on 2-3 month 
period. 

^Fort Richardson, Alaska 
*Fort Drum, New York 

Data source: Reynolds K, Pollard J, Cunero J, Knapik J, Jones B. 
Frequency of training and past injuries as risk factors for injuries 
in infantry soldiers. Med Sci Sport Exerc. 1991;23:S40. 


TABLE 13-15 

COMPARISON OE INJURY AND ILLNESS* 
RATES AMONG US ARMY BASIC TRAINEES 
(sick call visits/100 soldiers/mo) 

Category 

Injury 

Illness 

Risk Ratio^ 

One or more visits 




Women 

25.2 

24.2 

1.0:1 

Men 

13.7 

17.7 

0.8:1 

Total visits 




Women 

39.6 

37.2 

1.1:1 

Men 

22.1 

26.4 

0.8:1 

Limited duty days 




Women 

129 d 

6d 

22.0:1 

Men 

40 d 

8 d 

5.0:1 


All medical complaints other than musculskeletal injuries. 
^Risk Ratio = injury + illness rate 

Data source: Jones B, Manikowski RM, Harris JM, Dziados J, 
Norton S, Ewart T, Vogel JA. Incidence of and Risk Factors for In¬ 
jury and Illness Among Male and Female Army Basic Trainees. 
Natick, Mass: US Army Research Institute of Environmental 
Medicine; 1988. Technical Report No. T19-88. 


815 











Rehabilitation of the Injured Combatant. Volume 2 


TABLE 13-16 

COMPARISON OF INJURY AND ILLNESS* 
RATES AMONG ARMY INFANTRY TRAINEES 
AND SOLDIERS (sick call visits/100 soldiers/mo) 


Category 

Injury 

Illness 

Risk Ratio^ 

One or more visits 

Trainees' 

14.2 

4.5 

3.2:1 

Soldiers^ 

12.8 

10.0 

1.3:1 

Total visits 

Trainees 

34.3 

27.0 

1.3:1 

Soldiers 

19.6 

12.0 

1.6:1 

Limited duty days 

Trainees 

93 d 

18 d 

5.2:1 

Soldiers 

113 d 

11 d 

11.0:1 


All medical complaints other than musculskeletal injuries. 

^Risk Ratio = injury + illness rate 

Data source: (1) Cowan D, Jones B, Tomlinson JP, Robinson J, Polly 
D, Frykman P, Reynolds K. The Epidemiology of Physical Training 
Injuries in US Army Infantry Trainees: Methodology, Population, and 
Risk Factors. Natick, Mass: US Army Research Institute of Envi¬ 
ronmental Medicine; 1989. Technical Report No. T4-89. (2) Un¬ 
published data. 


TABLE 13-17 

COMPARISON OF NUMBER OF DAYS OF 
LIMITED DUTY DUE TO STRESS FRACTURES 
AND ILLNESS (limited duty days/100 soldiers/mo) 


Group 

Stress Fracture 

Illness 

* 

Risk Ratio 

Basic training* 




Women 

39 

6 

6.5:1 

Men 

8 

8 

1.0:1 

Infantry training^ 

19 

18 

1.0:1 

Infantry^ 

23 

11 

2.1:1 


Risk Ratio = stress fracture 4- illness number 
Data sources: (1) Jones B, Manikowski RM, Harris JM, Dziados 
J, Norton S, Ewart T, Vogel JA. Incidence of and Risk Factors for 
Injury and Illness Among Male and Female Army Basic Trainees. 
Natick, Mass: US Army Research Institute of Environmental 
Medicine; Technical Report No. T19-88,1988. (2) Cowan D, Jones 
B, Tomlinson JP, Robinson J, Polly D, Frykman P, Reynolds K. The 
Epidemiology of Physical Training Injuries in US Army Infantry Train¬ 
ees: Methodology, Population, and Risk Factors. Natick, Mass: US Army 
Research Institute of Environmental Medicine; 1989. Technical 
Report No. T4-89. (3) Reynolds K, Pollard J, Cunero J, Knapik J, 
Jones B. Frequency of training and past injuries as risk factors for 
injuries in infantry soldiers. Med Sci Sport Exerc. 1991;23:S40. 


ceeded the rate of illness (medical complaints other 
than musculoskeletal), and again, injuries produced 
considerably more days of limited duty than did 
illness. These numbers can also be contrasted for 
just one injury, stress fractures, as illustrated in 
Table 13-17. Thus, during peacetime, musculoskel¬ 
etal injuries are a significantly greater cause of lost 
duty time than all combined illnesses. 

Risk Factors of Injury 

The first step toward reducing injury rates is the 
identification of those factors that place individu¬ 
als at risk. A list of such potential risk factors fol- 
lows:'“ 

• Extrinsic risk factors 

° Training program parameters 
° Footwear 
° Training surface 

• Intrinsic risk factors 

° Level of physical fitness 
° Prior level of physical activity 
° Body fatness 
° Gender 
° Age 

° Prior injury history 
° Flexibility 
° Arch height 
° Other anatomical factors 

Gender. It has already been pointed out (see Table 
13-12) that femaleness is a risk factor for injuries in 
the army.'““''“The reasons for this are not clear, but 
lower prior physical activity and lower fitness lev¬ 
els, particularly muscle strength, would seem to be 
implicated. Whether women are more prone to re¬ 
port to sick call for musculoskeletal symptoms has 
not been studied. 

Age. The limited data available on age suggest 
that there is a bimodal relation in injury rate, with 
higher rates found in the youngest and oldest age 
groups, and the highest incidence at the oldest age 
group. 

Training program. Two training parameters have 
been examined systematically in army basic train¬ 
ing populations by Jones and colleagues^“: (1) run¬ 
ning vs marching volume and (2) periods of reduced 
intensity. In comparing two training companies, 
they found that musculoskeletal injuries were one- 
fourth less in the company that ran 60 miles during 
the 12-week training cycle as compared to the com¬ 
pany running the more typical 120 miles. Injury 
incidence appeared to be closely related to cumu- 
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lative running mileage. In another study, reduced 
volume of running during the second, third, or 
fourth week of basic fraining did nof reduce fhe 
incidence of sfress fracfures or fofal injuries. This 
period had been hypofhesized as a period of in¬ 
creased risk due fo fhe acfive corfical bone remod¬ 
eling fhaf would be faking place. 

Prior physical activity and fitness level. Jones 
and colleagues^““have shown fhaf low self-assessed 
physical acfivify level and running volume prior fo 
enfering fhe service were negafively relafed fo risk 
of injury. The quarfile having fhe slowesf one-mile- 
run fime af fhe beginning of basic fraining had an 
injury incidence 3-fold greafer fhan fhe quarfile 
wifh fhe fasfesf run fime. 

Flexibility. Developmenf and mainfenance of 
flexibilify is commonly promofed in lay liferafure 
as a prevenfive measure againsf injuries in runners 
and ofher sporfs. However, Jones and colleagues^™ 
found fhaf fhe relafionship befween injury rafe and 
flexibilify (foe touch fesf) is bimodal, wifh fhe high- 
esf rafes in fhose highly flexible and fhose leasf flex¬ 
ible. Moderafe flexibilify was associafed wifh fhe 
leasf injuries. 

Arch height. Anofher unexpecfed finding by 
Jones^“ was fhe relafionship befween arch heighf 
and injury rafe. They found fhaf fhe lowesf injury 
rafe (all injury fypes) was in fhe group wifh fhe flaf- 
fesf arches and fhe highesf rafe in fhose wifh fhe 
highesf arches. 

Footwear. A sysfemafic comparison of various 
milifary foofwear on injury rafe has nof been made. 
Combaf boofs have been implicafed as a cause of 
sfress fracfures and ofher overuse injuries, parficu- 
larly in new recruifs. This has led fo fhe exfensive 
use of soff running shoes in aerobic fraining. The 
addifion of cushioning maferial fo fhe combaf boof 
has nof proven beneficial.^™ 

Other possible risk factors. The research by Jones 
and colleagues^™'^™ has also implicafed ofher fac¬ 
tors as being associafed wifh higher rafes of mus- 
culoskelefal injuries: higher body faf (in men), smok¬ 
ing, smaller sfafure (in women), and bowed legs. 

Bone Stress Fractures 

Bone sfress fracfures (or reacfions) deserve spe¬ 
cial affenfion in any discussion of milifary muscu- 
loskelefal fraining injuries because of fheir high cosf 
in ferms of losf fraining fime (fhe cause of fhe greaf- 
esf loss of recruif fraining fime), parficularly when 
if occurs during inifial enfry fraining. Sfress frac¬ 
ture is a misleading ferm since acfual fracfure lines 
are offen absenf. The ferm "sfress reacfion" is more 


suifable in describing fhe condifion of fhe bone's 
response fo acufe overloading fhrough a remodel¬ 
ing process fhaf forms new periosfeal bone. 

The epidemiology and efiology of bone sfress 
reacfions have recenfly been reviewed by Jones and 
colleagues.^™ They reporfed fhaf fhe incidence of 
bone sfress reacfions in milifary frainees is from 1% 
fo 3% in men and 10% fo 20% in women, depend¬ 
ing on fhe specific criferion used. Considerable re- 
cenf affenfion has been given fo sfress fracfures by 
fhe Israeli Defense Force who have reporfed a 
frainee incidence rafe as high as 31%,^™'^^" alfhough 
ofher reporfs from Israel reporf lower rafes of abouf 
5%.™ The differences in rafes appear fo be due fo 
fhe use of fhe more sensifive fechnique of radioac- 
five bone scans. A 1993 work by Scully and col- 
leagues^^^ suggesfs fhaf a high percenfage of re¬ 
cruifs show sfress-posifive bone scans wifhouf any 
sympfoms. 

Epidemiology sfudies have shown fhaf new 
frainees are af a much higher risk fhan "seasoned" 
froops in whom sfress reacfions are seldom ob¬ 
served. If is also apparenf fhaf women are af a much 
higher risk fhan men, even when ofher risk facfors 
are faken info accounf, possibly due fo differences 
in bone densify. Ofher risk facfors include age, race, 
and prior level of physical acfivify or level of fifness. 

Brudvig and associafes,^^^and Gardner and col¬ 
leagues^™ have shown a relafionship befween in¬ 
creasing age and incidence of sfress fracfures. This 
may be confounded wifh decreasing fifness wifh 
age, alfhough lower prior fifness and acfivify may 
be an independenf facfor.'™ African Americans are 
generally reporfed fo have lower sfress fracfure 
rafes fhan Caucasians, which is affribufed fo higher 
bone densifies in African Americans. 

The anafomical locafion of sfress reacfions or 
fracfures and fhe fiming of fheir occurrence prob¬ 
ably depends on fhe nafure, progression, and se- 
verify of fraining. During World War II, sfress frac¬ 
fures were mosf commonly reporfed^^^ in feef, while 
confemporary reporfs mosf offen lisf fhe legs. Cur- 
renfly, fhe peak incidence of sfress reacfions in mili¬ 
fary recruifs is during fhe firsf 2 fo 4 weeks, prob¬ 
ably depending, fo a large degree, on fhe amounf 
of running included in fhe fraining program. 

The efiology of sfress reacfions and fracfures is 
now fhoughf fo be fhe bone's physiological response 
fo overload. As fhe bone is subjecfed fo acufe in¬ 
creases of physical sfress, as in fhe onsef of a run¬ 
ning program in basic recruif fraining, if responds 
by remodeling ifs corfex, fhaf is, by moving bone 
mineral from areas of low sfrain fo areas of high 
sfrain. Thus, fhe lesion is nof a mechanical failure 
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of the bone, but an area of porosis/^® The stimulus 
for the remodeling appears to be more related to 
the cyclic nature of the stress rather than its intensity. 

Foot Blisters 

In military populations, foot blisters are a preva¬ 
lent, although less serious, type of injury associated 
with exercise.It is a common cause for report¬ 
ing to sick call during basic training and after 
loaded road-marching in experienced troops”^; se¬ 
vere cases can cause several days of limited duty in 
affected individuals. Blisters occur from increased 
friction between the sock and the skin and are ex¬ 
acerbated by wetness. Improved sock material and 
use of antiperspirants^^® are being studied. 

Cardiovascular Disease 

Because physical training and fitness standards 
are emphasized, and in some cases required, at all 
levels of military service, there has been increased 
concern with exertion-related cardiac morbidity and 
mortality. The concern about undetected risk for 
heart disease was originally developed from au¬ 
topsy reports of young soldiers during World War 
and the U.S. Army's decision in the early 1980s 
to require fitness testing at all ages resulted in The 
U.S. Army Surgeon General's Office developing an 
over-40 cardiovascular risk screening program.™ 
This program was designed to identify those indi¬ 
viduals who were at significant risk, or had evi¬ 
dence of significant cardiovascular disease, before 
they underwent biannual physical fitness testing. 
This cardiovascular risk screening program is now 
integrated into the periodic physical (medical) ex¬ 
amination (every 5 years) of all over-40 aged per¬ 
sonnel on active duty in the army.^^^ The screen is 
based on the seven risk factors identified in the 
Framington Heart Study,^“ consisting of age, gen¬ 
der, smoking habit, BP, resting electrocardiogram, 
glucose tolerance, and total serum cholesterol. A 
risk index (from the American Heart Association, 
Coronary Risk Handbook Publication 70-041-A, 
1979) of 5% or more (likelihood of developing car¬ 
diovascular disease over a 6-year period) requires 
further medical evaluation before being cleared for 
physical fitness testing. The over-40 cardiovascu¬ 
lar risk screening program was based on research 
carried out with U.S. Army populations of active 
duty personnel. 

The prevalence of risk factors and disease in mili¬ 
tary populations continues to be an active area of 
study.'^®'^^^ Sudden death during exercise has vari¬ 


ous etiologies, with cardiovascular factors as one 
of the more prominent causes. Drory and cowork¬ 
ers™ reported that cardiovascular factors accounted 
for 50% of sudden exertion-related deaths studied 
in the Israeli Defense Forces between 1974 and 1986. 
Exercise and sudden death have also been exten¬ 
sively studied in civilian populations.™ 

Exertional Rhabdomyolysis 

Acute rhabdomyolysis is a condition that has 
historically been related to military recruit physi¬ 
cal training.This injury syndrome is character¬ 
ized by myoglobinuria, muscle pain, weakness, and 
soreness. It occurs with the sudden onset of intense 
or excessive exercise, a situation that has previously 
been common in military recruit training. It can be 
prevented by a graduated program of exercise in¬ 
tensity in those recruits who are unfit or inactive. 
Severe rhabdomyolysis can have fatal consequences 
if it progresses to renal failure secondary to marked 
myoglobinuria and tubular necrosis. In 1988, cases 
of death and hospitalization due to exertional rhab¬ 
domyolysis (brought on by inappropriately sudden 
and intense physical training) were reported'^ in 
police trainees in New York City and the state of 
Massachusetts. This suggests that the risk for this 
condition for military recruit training deserves con¬ 
tinued awareness and surveillance. 

Environmentally Caused Injuries 

Exercise in extreme environments, whether it be 
physical training or physical job tasks, may lead to 
injuries. The risks for injury provided by high and 
low temperatures, high altitude exposure, and at¬ 
mospheric pollution will be briefly described. For 
more detailed discussion on these topics, the reader 
is referred to Pandolf and colleagues^^^ and Vogel 
and colleagues. 

High Ambient Temperature 

Heat stress is the most common environmental 
problem with which the exercising individual is 
confronted. The body is well adapted to dissipate 
the metabolic heat produced by exercise, but these 
processes may be severely compromised when they 
must work against high external (ambient) heat load 
or humidity loads, or both. 

Internally generated heat is brought to the skin 
surface by increased C.O. and peripheral blood flow 
and is dissipated from the skin through radiation, 
convection, and conduction, and by the production 
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and evaporation of sweat. High ambient tempera¬ 
ture and humidity reduce the skin-to-air moisture 
gradient, thereby reducing the effectiveness of con¬ 
vection and sweat evaporation. 

The body responds acutely to heat stress by in¬ 
creasing skin blood flow through regional redistri¬ 
bution of C.O. During chronic exposure to heat, a 
process of acclimatization occurs. This consists of 
an expansion of plasma volume, increased sweat¬ 
ing, and improved circulation. 

The risk of heat injury can be reduced by avoid¬ 
ing ambient conditions to which an individual has 
not acclimatized. Such conditions are best moni¬ 
tored with a wet-bulb globe temperature (WBGT) 
index: 

WBGT = (0.7 Tnwb) -r (0.2 Tg) -r (0.1 Tdb) 

where Tnwb is the natural wet-bulb thermometer 
temperature, Tg is the black-globe thermometer 
temperature, and Tdb is the ordinary dry-bulb ther¬ 
mometer temperature. Risk index zones based on 
the WBGT and exercising intensity are readily avail¬ 
able from preventive medicine officers, physical 
training publications, or DA Technical Bulletin Med 
5Q7™ 

Heat injuries include the following conditions: 

1. Heat cramps: the benign cramping of 
muscles due to an imbalance of sodium and 
potassium resulting from salt loss through 
heavy sweating during exercise in the heat. 
Heat cramps are treated by fluid and salt 
replacement. 

2. Heat rash: the benign prickling sensation 
of the skin during prolonged sweating. 

3. Dehydration and salt depletion: conditions 
not exclusively found with heat stress. 
Dehydration is indicated by decreased 
urine production, lethargy, anxiety, and 
irritability. Severe cases result in irregu¬ 
lar gait and altered consciousness. Symp¬ 
toms of salt depletion are similar to those 
of dehydration in its mild form. Severe 
forms can result in vomiting, muscle 
cramps, and eventually, seizures, coma, 
and death. 

4. Heat exhaustion: potentially serious dehy¬ 
dration and salt depletion, but without tis¬ 
sue damage. Heat exhaustion is recognized 
by the symptoms of headache, dizziness, 
pallor, nausea, vomiting, uncoordinated 
gait, and moderately elevated body tem¬ 
perature. It is treated by removing the in¬ 


jured from the hot environment, replenish¬ 
ing salt and fluids, and if necessary, ac¬ 
tively cooling the body. 

5. Heat stroke: cases of heat exhaustion that 
have progressed to the point where ther¬ 
moregulation fails and body temperature 
rises above 40°C. Medically supervised ag¬ 
gressive measures of active cooling and 
repletion of electrolytes and fluid are re¬ 
quired. 

Low Ambient Temperature 

Injury during exercise in the cold is much less a 
problem than heat induced problems, because cloth¬ 
ing can be added to help retain the metabolic heat 
that is generated. Risk of injury still remains for 
exposed or wet skin or extremities. Physical train¬ 
ing can continue even in severe cold as long as ad¬ 
equate protection to the body surface is provided. 
Precaution should be taken not to "overheat" dur¬ 
ing exercise in the cold, as this will produce exces¬ 
sive sweating and wet skin. The latter will lead to 
rapid and possibly dangerous cooling once exercise 
ceases. 

Cold injury to the inappropriately clothed or ac¬ 
cidentally exposed individual can include 

1. Hypothermia: a serious condition in which 
body core temperature falls excessively to 
impair normal body function. This has 
been known to occur on cold days at the 
end of long races, such as a marathon. As 
the core temperature falls, blood is shunted 
to the core, leading to shivering and cold 
extremities. If the core temperature contin¬ 
ues to decline, cardiac, pulmonary, and 
nervous functions will be impaired, and 
eventual loss of consciousness occurs. Mild 
hypothermia can be treated with surface 
rewarming, while severe cases require ex¬ 
tensive medical care and measures to re¬ 
warm the body core. 

2. Frostbite: a condition that can occur in the 
skin of exercising individuals when tissue 
water crystallizes, and causes subsequent 
tissue dehydration and damage. High 
wind-chill factors, either from the wind or 
the speed of exercise (eg, cycling) will 
greatly increase the risk. "Frost nip," or a 
whitening of an exposed area of skin with¬ 
out actual damage, is undesirable, because 
it may make the area susceptible to future 
frostbite. Frostbite can be serious and may 
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require amputation. Early signs include 
numbness and white or yellowish color of 
the affected surface. Treafmenf consisfs of 
rapid rewarming of fhe affecfed area in 
wafer af 40°C fo 42°C, preferably under 
medical supervision. 

High Terrestial Altitude 

Military troop deployments, although not com¬ 
mon, can take place at altitudes between 2,500 and 
4,000 m, which places individuals at risk for high- 
alfifude illness or injury. These alfifudes also resulf 
in well known decremenfs in exercise capacify 
and physical performance due fo fhe reduced PO 2 
and accompanying disfurbances in acid-base bal¬ 
ance. Acclimafizafion fo high alfifude does occur 
and, fherefore, froops should, if possible, ascend 
gradually fo allow fime for fhe acclimafizafion pro¬ 
cess fo develop prior fo exercising af fhe infended 
alfifude. 

High ferresfrial alfifude injury and illness in¬ 
clude 


1. Acufe mounfain sickness: a condifion com¬ 
mon in rapid ascenf fo an alfifude above 
2,500 m is characferized by severe head¬ 
aches, nausea, vomifing, decreased appe- 
fife, and sleep disfurbances. U.S. Army 
operafional docfrine employs gradual as¬ 
cenf or infermediafe stops, as well as pro- 
phylacfic use of acefazolamide. Mosf 
people recover in 2 fo 4 days as acclimafi¬ 
zafion occurs. Severe cases can be freafed 
by descenf or supplemenfal O^- A porfable 
hyperbaric chamber (Ganow Bag) has also 
been found useful. Severe cases may lead 
fo cerebral edema, which musf be rapidly 
and aggressively freafed. 

2. High-alfifude pulmonary edema: a condi¬ 
fion characferized by fluid leaking info fhe 
lung as fhe resulf of fissue hypoxia. Symp- 
foms include cough, shorfness of breafh, 
and cyanosis of peripheral areas. This is a 
serious condifion, which, if nof freafed wifh 
O 2 and descenf, can lead fo coma and 
deafh. 


CONCLUSION 

Physical fifness is an imporfanf goal of milifary physiology of cardiovascular and muscular condifion- 
fraining; if enables soldiers fo optimally perform fheir ing is necessary for fhe developmenf and implemen- 
physically demanding dufies. Undersfanding fhe fafion of optimal framing programs for soldiers. 
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INTRODUCTION 


Advances in medical technology and in emer¬ 
gency health service healthcare delivery have 
brought about a multidisciplinary approach to pa¬ 
tient treatment throughout medicine. The physician, 
whether in a hospital emergency department, his 
own office, or a battalion aid sfafion, is surrounded 
by ofher healfhcare pracfifioners and fechnicians 
who possess skills and knowledge fhaf are essen- 
fial for fhe opfimum care of fhe pafienf. Even fhough 
mulfidisciplinary feams are common, a frue infer- 
disciplinary approach fo healfhcare delivery re¬ 
mains rare. An inferdisciplinary approach requires 
fhe communicafion of observafions and impres¬ 
sions, followed by fhe preparafion of comprehen¬ 
sive goals and a freafment plan. The underlying dif¬ 
ference befween fhe mulfidisciplinary approach and 
fhe inferdisciplinary approach is communicafion. 

The common mulfidisciplinary approach may in- 

HISTORICAL 

The response of milifary medicine fo war inju¬ 
ries has played a key role in fhe developmenf of 
rehabilifafion medicine as a specialfy and in fhe de¬ 
velopmenf of fhe individual disciplines whose prac¬ 
fifioners make up fhe inferdisciplinary rehabilifa¬ 
fion feam. Befween 1890 and fhe onsef of World War 
I, an area of specializafion wifhin medicine devel¬ 
oped which was known as elecfrofherapy. Elecfro- 
fherapisfs frequenfly aligned fhemselves wifh ho- 
meopafhic physicians, hydrofherapisfs, and ofhers 
who espoused fhe use of nafural freafmenfs, rafher 
fhan fhe offen defrimenfal purgafives and mercuri¬ 
als used by fhe allopafhic physicians of fhe day. 
Wifh fime fhe venue of fhe elecfrofherapisfs (or elec- 
frofherapeufisfs, as fhey became known) expanded 
fo include exercise, diefefics, psychofherapy, clima¬ 
tology, and phofofherapy. The inferesf of elecfro- 
fherapeufisfs in fhe use of physical modalifies re- 
sulfed in fhese physicians being referred fo as 
"physical fherapisfs" or "physiofherapeufisfs."^ 

Af fhe same fime, a subspecialfy of surgery called 
orfhopedics was evolving. The orfhopedisfs disfin- 
guished fhemselves by fhe use of mechanical de¬ 
vices, such as braces, in fhe freafmenf of pafienfs. 
In 1917, wifh America's enfry info World War I, if 
became apparenf fhaf fhe U.S. Governmenf would 
have fo care for large numbers of bafflefield casu- 
alfies, and a war preparedness commiffee was 
organized. Joel Goldfhwaif, an orfhopedisf and di¬ 
rector of fhe mechanical deparfmenf af fhe Massa- 


volve many pracfifioners who sef independenf 
freafmenf goals and make fheir own treafmenf 
plans. In fhe inferdisciplinary approach, each prac- 
fifioner does his own assessmenf and reporfs his 
findings, impressions, and recommendations 
to other professionals during fhe "feam confer¬ 
ence." Through fhe mechanism of fhe feam confer¬ 
ence, informafion is shared, common goals are 
esfablished, and a consolidafed freafmenf plan is 
formulafed. This communicafion ideally leads fo an 
oufcome which will be greater than the sum of ifs 
individual parfs.^ 

Although the emphasis of fhis chapfer is on an 
inferdisciplinary approach wifhin the military 
healthcare system, permanently impaired soldiers 
may receive some or all of fheir rehabilifafive care 
within the Veterans Affairs healfhcare sysfem or in 
civilian rehabilifafion facilities. 


chusetts General Hospital, urged his personal 
friend. General Pershing, fo creafe a division of or- 
fhopedic surgery in fhe army. In Augusf 1917, fhe 
new Division of Special Hospifals and Physical Re- 
consfrucfion was creafed. This division included 
general surgery, orfhopedic surgery, head surgery, 
and neuropsychiafry. Orfhopedics was fo be respon¬ 
sible for fhe consfrucfion of arfificial limbs. Mary 
McMillan, who was fhen chief aide fo Dr. Gold¬ 
fhwaif, was given fhe responsibilify for fraining 
"orfhopedic aides." Under her direcfion, 800 
women underwenf 30-day fraining courses in "mili¬ 
fary massage." Lafer, fhis group would become fhe 
nucleus of physical fherapy fechnicians, from which 
evolved fhe American Associafion of Physical 
Therapisfs.^ 

Also during 1917, Frank Granger was appointed 
head of fhe physiofherapy secfion of fhe Division 
of Special Hospifals. Dr. Granger was presidenf of 
fhe American Associafion of Elecfrofherapy and 
Radiology af fhaf fime; fhus, physiofherapeufic 
physicians became recognized in fhe area of physi¬ 
cal reconsfrucfion. 

The discipline of occupafional fherapy originated 
(before eifher fhe physician physiofherapeufisfs or 
Mary McMillan's physical fherapy fechnicians) as 
fhe "work cure and moral freafmenf" fherapisfs of 
19fh cenfury psychiafry. In 1918, fhe discipline of 
occupafional fherapy was added fo fhe sfaff of fhe 
Division of Special Hospifal and Physical Recon- 
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struction, completing the nucleus of the rehabilita¬ 
tion team as we know it today.^ 

in the years between World Wars I and II, the 
physiotherapeutists continued to promote the use 
of physical modalifies and were insfrumenfal in 
developing fraining programs and accredifafion 
measures for bofh fhe occupafional and physical 
fherapisfs.^ 

Because fhe onsef of World War II occurred af a 
fime of advancing medical fechnology, greafer num¬ 
bers of war injured were saved fhan was previously 
possible. Dr. Howard Rusk was appoinfed head of 
fhe U.S. Air Force Convalescenf Training Program, 
and is credifed wifh developing modern rehabili- 
fafion medicine and, affer fhe war, wifh founding 
ifs firsf insfifufe. By 1946, fhe ferm "physiafrisf" was 
coined fo designafe a physician specializing in 

THE INTERDIS 

The composifion of a rehabilifafion feam varies 
depending on fhe characferisfics of fhe pafienf's 
injuries and resulfing impairmenfs. The ulfimafe 
goal of fhe feam is always fhe besf possible func- 
fional oufcome in fhe leasf possible fime. In fhe case 
of simple injuries, such as an uncomplicafed frac- 
fure, fhe feam may consisf of a physician and a 
physical fherapisf. The physician is responsible for 
making fhe diagnosis (a fracfure) and applying a 
medical freafmenf (a casf). A freafmenf plan is for- 
mulafed by fhe physician and fherapisf, and fhe 
fherapisf is responsible for fraining fhe pafienf in 
fhe freafmenf plan and ifs resfricfions. The fhera¬ 
pisf is also responsible for idenfifying and remedi- 
afing any concurrenf disabilifies (eg, decreased 
mobilify, which requires fraining in crufch ambu- 
lafion). More complex injuries or permanenf impair- 
menf requires more feam members. 

Kinesiotherapist 

Kinesiofherapy, previously called correcfive 
fherapy, is a discipline unique fo fhe Veferans Healfh 
Service. During World War II, fhe shorfage of physi¬ 
cal fherapisfs led fo fhe recruifmenf of physical edu- 
cafors fo provide exercise fherapy for psychiafric pa- 
fienfs. These individuals became known as correcfive 
fherapisfs. Recenfly, fhe discipline has adopfed fhe 
fifle kinesiofherapisf fo emphasize ifs inferesf in 
funcfional movemenf.^ Kinesiofherapisfs provide ex¬ 
ercise programs fo improve and mainfain gross mo¬ 
tor funcfion; evaluafe and frain pafienfs for adapfed 
aufomobile driving; and promofe fifness fhrough ex¬ 
ercise for acufe, chronic, and convalescenf pafienfs.^ 


physical medicine. In 1947, fhe Advisory Board for 
Medical Specialfies and fhe American Medical As- 
sociafion esfablished fhe American Board of Physi¬ 
cal Medicine fo be responsible for conferring cerfi- 
ficafion in physiafry, and in 1949, fhe words "and 
Rehabilifafion" were added fo fhe Board's fifle.^ 

Examinafion of fhe hisforical developmenf of 
physical medicine and rehabilifafion makes if easy 
fo see fhe roofs of fhe inferdisciplinary feam. In a 
way, fhe core disciplines of physiafry, physical 
fherapy, and occupafional fherapy "grew up fo- 
gefher." If is unlikely fhaf any of fhem could have 
developed alone. Ofher disciplines fhaf are impor- 
fanf members of fhe feam, buf whose hisfory has 
nof been specifically discussed, were evolving 
alongside fhe early elecfrofherapeufisfs and orfho- 
pedisfs. They will be addressed in fhe nexf secfion. 

’BINARY TEAM 

Occupational Therapist 

As already described, occupational therapists 
were added to the corps of rehabilifafion aides in 
1918. Many presidenfs of fhe Occupafional Therapy 
Associafion were physical fherapy physicians, and 
fraining for occupafional fherapisfs progressed un¬ 
der fheir leadership. In 1932, fhe fraining was in¬ 
creased from 6 monfhs fo 9 monfhs, and af presenf 
fhere is a general prerequisife for a baccalaureafe 
degree and a cerfificafe of occupafional fherapy 
framing.^ 

The role of fhe occupafional fherapisf on fhe re¬ 
habilifafion feam includes evaluafion and fraining 
of fhe pafienf in acfivifies of daily living (ADL), such 
as feeding, bafhing, dressing, bafhroom fransfers 
and acfivifies, homemaking, and child care skills. 
Occupafional fherapisfs evaluafe and supervise ac¬ 
fivifies aimed af improvemenf and mainfenance of 
joinf range-of-mofion, muscle sfrengfh, endurance, 
and coordinafion of fhe upper exfremifies as relafes 
fo funcfional fasks. Occupafional fherapisfs also 
idenfify and remediafe sensory and cognifive defi- 
cifs. They evaluafe fhe pafienf's home environmenf 
and recommend modificafions and equipmenf fhaf 
will maximize independenf funcfioning. The occu¬ 
pafional fherapisf educafes and frains fhe pafienf 
and his family in adapfive fechniques and pofen- 
fial for independence and helps fhe pafienf explore 
vocafional skills and avocafional inferesfs. Offen, 
occupafional fherapisfs are responsible for fhe fab- 
ricafion of fhermoplasfic and plasfer splinfs fhaf are 
used fo supporf and profecf parefic limbs and pro¬ 
ven! deformifies. In some seffings, occupafional 
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therapists are involved in the evaluation of driving 
habits and skills and the evaluation and manage¬ 
ment of dysphagia. Overall, fhe emphasis of fhe 
occupafional fherapisf is on fhe developmenf of 
funcfional skills and abilities.^ 

Orthotist and Prosthetist 

An orthotist is trained in the design and construc¬ 
tion of a wide variefy of braces (orfhoses). A pros- 
fhefisf is frained in fhe design and consfrucfion of 
arfificial limbs (prosfheses). To sif for fhe cerfificafe 
examinafion in eifher of fhese professions, fhe can- 
didafe musf have a baccalaureafe degree and 1 year 
of apprenficeship. Professionals from bofh disci¬ 
plines work as parf of fhe rehabilifafion feam fo pro¬ 
vide fhe appropriafe devices for maximizing pafienf 
funcfion and minimizing secondary disabilify. 

Physiatrist 

A physiafrisf is a physician who has complefed 
specialfy framing in Physical Medicine and Rehabil¬ 
ifafion. Currenfly, a Doctor of Medicine or Doctor 
of Osfeopafhy degree followed by 1 year of general 
infernship fraining, 3 years of specialfy fraining, 
and 1 year of independenf pracfice is required fo 
sif for fhe American Board of Physical Medicine and 
Rehabilifafion.In mosf rehabilifafion seffings, fhe 
physiafrisf acfs as fhe team leader. By virtue of his 
fraining, fhe physiafrisf has a broad undersfanding 
of fhe experfise and roles of fhe ofher feam mem¬ 
bers, as well as his own medical undersfanding of 
disease processes and effecfs. He has fhe abilify fo 
fake all fhe feam's informafion and synfhesize a 
comprehensive clinical picfure and plan. The phy¬ 
siafrisf can also acf as liaison to other physicians in¬ 
volved in the patient's care, but who may not under¬ 
stand the function of fhe interdisciplinary feam. 

Physical Therapist 

Physical therapy training, like occupational 
therapy training, has progressed from McMillan's 
30-day course for physical fherapy technicians, fo 
programs requiring a baccalaureafe degree, a cer- 
tificafe in physical fherapy, and a sfate licensing 
examinafion.^ Physical fherapisfs provide pafienf 
fraining and supervision in all forms of exercise 
programs (range-of-mofion, resisfive, endurance or 
aerobic, coordinafion) and mobilify fechniques 
(fransfer from one posifion to another, ambulation 
with or without assistive devices, wheelchair mo¬ 


bility). Physical therapists are responsible for fhe 
adminisfrafion of physical fherapy modalifies (heaf, 
cold, hydrofherapy, massage, fracfion, elecfrical 
sfimulafion) and fhe assessmenf of adaptive equip¬ 
ment needs (crutches, canes, walkers, wheelchairs, 
and wheelchair cushions).^ 

Psychologist 

The role of fhe psychologisf is, perhaps, one of 
fhe mosf diverse on the rehabilitation team. In the 
case of a pafienf who has impairmenf of cognitive 
processes, the psychologist or neuropsychologist 
administers tests of infelligence, memory, and 
perceptual functioning to define fhe deficifs and help 
fhe feam plan freafmenf fhaf will compensate for fhese 
deficifs. Offen, pafienfs who appear fo be funcfioning 
well have subtle cognitive deficits that will interfere 
wifh fheir parficipafion in fhe rehabilifafion pro¬ 
gram. The pafienf wifhouf cognifive deficifs may 
benefif from psychological counseling regarding his 
adjusfmenf fo changes in his physical body and to 
his role within his family and communify. The psy¬ 
chologisf can be helpful fo fhe pafienf's family in fhese 
same areas. Jusf as imporfanf, fhe psychologisf may 
also acf as counselor fo the rehabilitation team by 
identifying nonproducfive interacfions befween fhe 
feam and fhe pafienf, befween fhe feam and the fam¬ 
ily, or befween feam members. 

Recreational Therapist 

Leisure functioning, or recreation, is easily rec¬ 
ognized as a component of a rewarding lifesfyle, 
and the need for recreafion is nof blunted or elimi¬ 
nated by physical impairmenf or disabilify. As with 
the other disciplines within the rehabilitation team, 
recreational therapy has evolved over the years and, 
at present, is best defined as fhe use of recreafional 
services to bring about desired changes in behav¬ 
ior and promote the growth and development of 
fhe pafienf. Currenfly, undergraduate- and gradu- 
afe-level training programs are accredited, and a 
voluntary certification examination is recognized by 
several state and local agencies as well as other pri¬ 
vate institutions and organizations.® 

Rehabilitation Nurse 

The rehabilitation nurse performs all usual nurs¬ 
ing dufies, buf has fhe addifional responsibilify of 
promofing maximal funcfion and independence of 
fhe pafienf. While rehabilifafion nursing does nof 
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necessitate the acquisition of new knowledge, skills, 
or attitudes, a greater depth of undersfanding is 
required in some areas. Specifically, fhe rehabilifa- 
fion nurse musf have a full undersfanding of fhe 
psychosocial effecfs of long-ferm illness; a sfrong 
knowledge of anafomy, physiology, and pafho- 
physiology of fhe neuromuscular sysfem; and an 
undersfanding of kinesiology (fhe science of body 
movemenf). In addifion, fhe affifude and fempera- 
menf of fhe rehabilifafion nurse musf differ in some 
ways from fhaf of fhe acufe care nurse. The reha¬ 
bilifafion nurse musf deal wifh fhe chronicify of 
physical impairmenfs, and wifh a role shiff from 
caring and doing for fhe pafienf fo assisfing fhe 
pafienf fo care for himself.® The rehabilifafion nurse 
works wifh fhe pafienf oufside fhe formalify of fhe 
fherapy deparfmenfs and during fhe evening and 
early morning hours, and is in fhe besf posifion fo 
assess fhe pafienf's learning and fhe carry over of 
new skills and abilifies. 

Speech and Language Therapist 

The responsibilities of fhe speech and language 
fherapisf (or speech fherapisf) include all aspecfs 
of communicafion. A speech fherapisf evaluafes fhe 
pafienf's cognifive and language skills (fhe abilify 
fo comprehend as well as fhe abilify fo produce 
speech), including wriffen and ofher nonverbal 
modes of communicafion. The speech fherapisf is 
an experf in fhe mechanical funcfion of fhe oropha¬ 
ryngeal and laryngeal areas and will assess fhe 
pafienf's abilify fo chew and swallow, as well as fo 
perform fhe mechanical acfivifies involved in 
speech. When verbal communicafion is nof possible, 
fhe speech fherapisf will educafe fhe pafienf, fam¬ 
ily, and ofher caregivers in alfernafive forms of com¬ 
municafion such as sign language or fhe use of 
adapfive devices (word and leffer boards, elecfro- 
larynxes, speech synfhesizers). Since communica¬ 
fion and cognifion are closely linked, fhe speech 
fherapisf is also involved in cognifive evaluafion 
and refraining. 


Social Worker 

The social worker inferacfs wifh fhe pafienf, fam¬ 
ily, and feam fo gafher informafion regarding fhe 
pafienf's living sifuafion and resources, including 
financial sfafus. The social worker has a working 
knowledge of programs and communify supporf 
services fhaf may be useful fo fhe pafienf. In some 
insfifufions, fhe social worker also assumes fhe re- 
sponsibilify for pafienf and family counseling. 

Vocational Rehabilitation Counselor 

Vocational rehabilitation counseling developed 
in conjunction with rehabilitation medicine at the 
time of World War 1. Over fhe years, educafional 
requiremenfs for fhis discipline have evolved fo 
include civil service cerfificafion and a masfer's 
level degree in psychology, educafion, personnel 
adminisfrafion, or rehabilifafion counseling.^ 

The responsibilify of fhe vocafional rehabilifafion 
counselor is fo work wifh a physically handicapped 
or menially impaired pafienf fo esfablish a mufual 
undersfanding of capabilifies and limifafions 
fhrough review of records, fesfing, and direcf ob- 
servafion. Wifh fhis informafion, fhe vocafional 
rehabilifafion counselor assisfs fhe pafienf in 
developing appropriafe vocafional plans and goals 
and in obfaining fhe necessary framing fo achieve 
fhese goals. The vocafional rehabilifafion counse¬ 
lor also acfs as an advocafe for fhe pafienf in fhe 
workplace.^ 

Patient and Family 

The team, no matter how expert or dedicated, can 
merely direct and instruct the patient. Only the pa¬ 
tient can perform fhe exercises, learn fhe fechniques, 
and make fhe decision fo adapf fo his impairmenf. 
The feam can advise and insfrucf fhe family regard¬ 
ing fhe pafienf's disabilifies and capabilifies, buf, 
ulfimafely, if is fhe pafienf and his family who de- 
fermine fhe success of fhe feam's efforfs. 


THE INTERDISCIPLINARY TEAM AT WORK 


To illusfrafe fhe funcfion of an inferdisciplinary 
rehabilifafion feam, several case sfudies, ranging 
from a simple long-bone fracfure fo fhe more com¬ 
plex case of fraumafic brain injury are presenfed 
here. 


Case Study 1: Distal Eemur Eracture 

A 22-year-old soldier sustained a distal femur fracture 
in a motor vehicle accident. He underwent immediate re¬ 
duction and intramedullary rod placement, and the ex¬ 
tremity was placed in a long-leg cast with the knee in full 
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extension. The patient was referred for rehabiiitation medi¬ 
cine evaiuation and management on the first postopera¬ 
tive day. The orthopedic surgeon indicated that the pa¬ 
tient was to be non-weight-bearing on the fractured right 
leg for 6 weeks. 

The physiatrist’s evaluation revealed that in addition 
to the current injury, the patient had an injury to the ieft 
hand that had occurred while playing high school foot¬ 
ball. The left hand still caused the patient discomfort, es- 
peciaily when doing pushups. On physicai examination it 
was noted that the patient had tenderness to palpation 
over the scaphoid bone of the left hand. The physiatrist 
ordered a radiograph of the ieft hand and wrist. 

The patient was referred to physical therapy for 
strengthening of the biiateral upper extremities; ieft iower 
extremity; and right hip fiexor, inciuding extensor and ab¬ 
ductor progressive resistive exercises and isometric ex¬ 
ercise of the right quadriceps, hamstring and ankle plan¬ 
tar and dersiflexor muscle groups. The physical therapist 
began training the patient in bed mobiiity and transfers 
whiie avoiding weight bearing on the right lower extrem¬ 
ity. Training in crutch ambuiation was delayed pending the 
left hand radiographs. The patient went to occupationai 
therapy for assessment of self-care skills (bathing, dress¬ 
ing, and bathroom activities) while maintaining non¬ 
weight-bearing on the right iower extremity. 

The seciai worker evaiuated the patient’s sociai sup¬ 
port systems, discharge plans, and functional require¬ 
ments for discharge, such as whether he wouid need to 
ascend and descend stairs in his home, or if he wouid 
need to cook for himseif. 

The initiai rehabilitation team conference was held 4 
days after the patient's referrai te the Rehabiiitation Medi¬ 
cine Service. The physicai therapist reported that the pa¬ 
tient had mastered his exercise program quickiy and was 
able to execute the program independently. The patient 
was aiso independent in transfer skilis, but had com- 
piained of pain in his ieft hand when attempting to bear 
weight on his left palm during transfers. This probiem had 
been alieviated by the patient’s bearing weight on his 
knuckies instead of his paim during transfers. The occu¬ 
pationai therapist had provided the patient with a dress¬ 
ing stick, a iong-handied shoehorn and an eiastic shoe¬ 
lace for his right shoe, and he was now independent in 
dressing activities. He was aiso independent in bathroom 
activities and transfers, and had prepared a coid meai in 
the kitchen. He had been discharged from occupationai 
therapy. 

The physiatrist reported that the radiographs of the left 
hand had shown a nonunion of a scaphoid bone fracture. 
The Orthopedic Hand Surgery Services had been con- 
suited about the hand injury and reported that no inter¬ 
vention was currentiy indicated. They aiso said that while 
weight-bearing on the hand wouid not be detrimental, it 
wouid be uncomfortabie. This iimitation wouid interfere 
with standard crutch ambuiation. The sociai worker re¬ 
ported that the patient couid return te his parents’ home 
for convaiescence, but that would necessitate his ciimb- 
ing a fiight of stairs with a raiiing on the ieft-hand side 
(ascending) to reach the bathroom and his bedroom. Since 


his mother was a fuil-time homemaker, he wouid not be 
required to perform any homemaking tasks. The goal of 
independent ambuiation, with the appropriate assistive 
devices (including stairs), was set in compiiance with his 
weight-bearing limitations. This was to be accomplished 
by serial trials of axillary crutches or, if this was not toier- 
ated, a Loftstrand crutch with a forearm support on the 
left and a standard Loftstrand crutch on the right. 

At the next team conference, 1 week iater, the physicai 
therapist reported that ambulation with axiiiary crutches 
had not been toierated due to ieft-hand pain. Attempts at 
ambuiation with a ieft forearm support crutch and a right 
Loftstrand crutch had been inadequate due to the patient’s 
inabiiity to swing his right ieg through without putting 
weight on it. After consuiting with the physiatrist, a 0.5-in. 
lift was piaced on the ieft shoe by the orthotist. With the 
crutches and his shoe iift, the patient was then abie to 
ambulate unlimited distances and ascend and descend 
stairs safeiy. The patient was discharged to his home for 
5 weeks of convaiescent ieave. 

Upon return from convalescent leave, a radiograph of 
the right femur showed satisfactory heaiing, and the cast 
was removed. The orthopedic surgeon cieared the pa¬ 
tient for range-of-motion of the right knee, and weight 
bearing as toierated on the right iower extremity, initiai 
physiatry evaluation noted active and passive right knee 
motion from fuli extension to 20° of flexion. There was 
approximateiy 1.5 inch of right calf and thigh atrophy com¬ 
pared to the left side. Right ankie range-of-motion showed 
normai piantar flexion but oniy 5° of dorsifiexion. Muscie 
strength of the ankle dorsiflexors, knee extensors and 
knee flexors was graded as 4/5. 

The patient was referred to physical therapy for (a) ac¬ 
tive assisted range-of-motion of the right ankle and knee 
using moist heat and/or uitrasound to facilitate soft tissue 
extensibiiity; (b) progressive resistive exercise of the right 
quadriceps, hamstring, and ankie dersiflexor muscle 
groups; and (c) progressive ambulation with weight bear¬ 
ing as toierated. The social worker was consulted to act 
as liaison to the patient’s military unit and to determine 
whether return to limited duty or further convalescent 
leave would be apprepriate. 

At the team conference 5 days after readmission, physi¬ 
cai therapy reported that the patient had normai right ankie 
range-of-motion and ankle dersiflexor strength. His knee 
range-of-motion had progressed to 80° of active flexion. 
Quadriceps strength remained decreased, but was im¬ 
proving. The shoe lift had been removed from the ieft shoe 
and the patient was ambulating for uniimited distances 
with his forearm support crutch on the ieft. The sociai 
worker reported that the patient’s unit did not have an 
appropriate light-duty position for him, but that the pa¬ 
tient wouid be temporariiy reassigned and wouid be do¬ 
ing ciericai work that required minimai ambulation. He 
couid thereby live in the hospitai barracks and attend 
physicai therapy as an outpatient en a daily basis. The 
patient was discharged to the barracks and the order given 
fer continued physicai therapy. 

The patient attended physical therapy daily as an out¬ 
patient and, under the direction and advice of his physi- 
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cal therapist, augmented this activity with resistive exer¬ 
cises in the base gymnasium and swimming pool. The 
physical therapist consulted with the physiatrist about the 
advisability of allowing the patient to resume a running 
program. After discussion with the orthopedic surgeon, 
the patient was cleared to resume running as tolerated. 
At the Rehabilitation Medicine Clinic followup 4 weeks 
after discharge, isokinetic testing showed the patient 
had full right knee range-of-motion, and normal and sym¬ 
metric hamstring and quadriceps strength. He was am¬ 
bulating without assistive devices and had begun running 
under the direction of his physical therapist. He was given 
a 3-month temporary physical profile restricting his run¬ 
ning and marching activities initially, then allowing a 
gradual increase in these activities. He was returned to 
his unit. 

The patient was seen for followup 3 months later at 
the time his profile was to expire. He reported he was 
able to run 5 miles at a pace sufficient to pass his physi¬ 
cal training test, and could walk or march unlimited dis¬ 
tances. He continued to have some discomfort in his left 
hand when doing pushups, but not to a significant de¬ 
gree. The patient was returned to duty without restrictions 
and discharged from the Rehabilitation Medicine Service. 

Comment 

In this example, multidisciplinary management 
(where healthcare professionals from differenf dis¬ 
ciplines sef discipline-specific goals wifhouf form¬ 
ing a comprehensive, coordinafed plan) could have 
resulfed in subtle, yet important, impairments be¬ 
ing overlooked. For instance, if fhe nonunion of the 
scaphoid fracture had not been diagnosed and ac¬ 
commodated, the patient's mobility might have 
been severely limited, resulting in secondary decon¬ 
ditioning, which would have required more reha¬ 
bilitation later. He also might have become a disposi¬ 
tion problem if he could not ambulate with crutches 
and climb stairs. In addition, the therapists might have 
interpreted the patient's difficulty with crutch ambu¬ 
lation as malingering, thereby destroying the thera¬ 
peutic relationship and further impeding recovery. 

The communication between team members al¬ 
lowed them to consider the possibility of mulfiple 
secondary complicafions. Afrophy of fhe righf leg 
musculafure was limifed by fhe early inifiation of 
isomefric exercises. Lafer, fhe pofential complica- 
fion of limited knee range-of-motion was avoided 
by close supervision of fhe rehabilifafion process 
once fhe casf was removed. Finally, while he was 
preparing for refurn to full duly, which included 
physical framing, fhe patient was protected from 
accusations of malingering by his physical profile. 
Wifhout communicafion between the team mem¬ 
bers, this soldier could have become a medically 
discharged, permanently impaired, angry veteran. 


Case Study 2: Above-Knee Amputation 

A 19-year-old reservist was activated during the Per¬ 
sian Gulf War and sustained multiple fragment injuries 
during a missile attack. The most severe injury was to the 
left proximal leg, but other fragments involved the right 
distal thigh and sciatie nerve, the right distal arm and ul¬ 
nar nerve, and the left brachial plexus. There was also a 
fragment in the area of the left ischial tuberosity. The pa¬ 
tient was evacuated to a local hospital where the wounds 
were debrided. Vascular supply to the left foot and leg 
was severely compromised, but repair was attempted 
anyway. The patient was transferred to an army medical 
center for definitive care. 

Evaluation at the medical center revealed that, due to 
inadequate vascular supply and extensive soft tissue loss, 
the left lower extremity was not salvageable. The wounds 
over the left ischial tuberosity, the right elbow, and right 
thigh were open, but healing by secondary intention. Neu¬ 
romuscular examination was consistent with a distal le¬ 
sion of the right sciatic nerve, a lesion of the right ulnar 
nerve at the elbow, and weakness of upper brachial plexus 
innervated muscles on the left. Rehabilitation Medicine 
Service was consulted for recommendations regarding 
the level of left lower extremity amputation, evaluation of 
peripheral nerve injuries by electrodiagnostic testing, and 
comprehensive rehabilitation management. 

The physiatrist advised that preservation of maximal 
stump length should be the goal of amputation. Although 
a knee disarticulation stump presented certain problems 
with prosthetic fit and cesmesis, the extra length of the 
stump would provide some mechanical advantages over 
a shorter, above-knee amputation. Electrodiagnostic test¬ 
ing ef the right lower and both upper extremities was in¬ 
terpreted as showing a partial right ulnar nerve lesion just 
above the elbow, a partial right sciatic nerve lesion in the 
distal thigh, and a probable neurepraxic lesion of the left 
upper brachial plexus. Left below-knee amputation was 
attempted, but the limb distal to the knee did not appear 
to be viable at the time of surgery, so a knee disarticula¬ 
tion was performed. 

Posteperatively, the patient was transferred te the Re¬ 
habilitation Medioine Service and was ordered to occu¬ 
pational therapy for 

• bilateral hand evaluations to include manual 
muscle testing along with sensory and dexterity 
evaluation; 

• splinting of the right hand to prevent claw defor¬ 
mity and flattening of the palmar arch; 

• facilitative techniques, such as electrical stimu¬ 
lation, to enhance recovery of right hand and left 
shoulder girdle musculature; and 

• assessment of and training in ADL. 

The patient was referred to physical therapy for 

• evaluation and training in bed mobility and trans¬ 
fers; 
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• wheelchair adaptation to allow independent mo¬ 
bility; 

• isometric and isotonic exercise of the hip and 
thigh musculature bilaterally; 

• splinting of the right ankle to prevent plantar flex¬ 
ion contracture; 

• active assisted range-of-motion and resistive 
exercises to all four extremities as tolerated; and 

• facilitative techniques, such as electrical stimu¬ 
lation, to encourage activation of the distal right 
lower extremity muscles. 

The physical therapist also taught the patient about 
amputation stump wrapping to reduce edema and sensi¬ 
tivity, and prone lying to prevent hip flexion contracture. 
The psychologist evaluated the patient and his family’s 
response and adjustment to the injury, while the social 
worker evaluated the patient’s support systems and his 
social and work history, and acted as liaison between the 
patient, his family, and the military administrative system. 

At the initial team meeting 10 days following amputa¬ 
tion, the physiatrist reported that the patient was medi¬ 
cally stable and his amputation and other wounds were 
healing well. The occupational therapist reported that the 
patient had moderate deficits of strength and sensation 
in the ulnar distribution on the right, which required use 
of adaptive devices for writing, but which otherwise were 
not interfering with functional activities. The left shoulder 
girdle strength was improving. The patient was indepen¬ 
dent in self-care activities and transfers. It was noted that, 
while he cooperated and carried out all instructions and 
requests, the patient appeared to be withdrawn and an¬ 
gry, and resisted attempts of the therapist to involve him 
in conversation. The physical therapist reported that left 
hip range-of-motion was normal and hip extension and 
abduction strengths, while limited by postoperative pain, 
appeared to be improving. The patient still required as¬ 
sistance with stump wrapping and was reluctant to look 
at or touch his stump. He required frequent reminders to 
lie prone. Left ankle range-of-motion had normalized, and 
he had developed 2/5 ankle dorsiflexion and eversion 
strength, and 4/5 plantar flexion strength. The patient was 
independent in transfers and had been provided with a 
wheelchair with a right-hand rim with oblique projections 
to compensate for his hand weakness. He had been given 
a Roho cushion to minimize the pressure over the ischial 
wound on the left. He could propel the wheelchair inde¬ 
pendently for unlimited distances. The physical therapist 
also noted that the patient appeared withdrawn. The re¬ 
habilitation nursing staff reported that the patient was 
capable of being independent in self-care activities, but 
frequently requested that things be done for him. The 
nurses noted that the patient’s family fostered his depen¬ 
dence and were demanding and critical of the nursing 
staff. 

The social worker reported that the patient had been 
employed as a manual laborer prior to his injury and had 
joined the reserves to supplement his income. He had 
been living with his parents in a single-story home and 
was engaged to be married. Due to his military activation 


and the subsequent injury, the wedding had been post¬ 
poned. Furthermore, the patient had an older brother who 
was a Vietnam veteran and a recovered substance abuser. 
The brother was receiving disability benefits for posttrau- 
matic stress disorder. This same brother was active in 
veterans’ groups and expressed a great deal of anger to¬ 
ward the military and veterans’ healthcare systems be¬ 
cause the diagnosis and treatment of his stress disorder 
had been delayed for several years. The psychologist 
confirmed that the patient was angry about disruption of 
his own life by his military duties, and that he had never 
truly considered the possibility of activation when he joined 
the reserves. He was reacting to his own anger and his 
brother’s anger by dependence and withdrawal from so¬ 
cialization. He was not, however, exhibiting any vegeta¬ 
tive signs or symptoms of depression. 

On the basis of the information presented by the team 
members, goals were set for the next 10-day period, in¬ 
cluding ambulation with assistive devices and contact 
guard assistance, compliance with exercise programs, 
improved independence on the ward, completion of pre- 
vocational evaluation, and improvement in affect and so¬ 
cialization. Physical and occupational therapy programs 
were continued by beginning ambulation using a walker 
with a right forearm support and with a right molded-plastic 
ankle-foot orthosis. The psychologist worked with the 
patient individually and enrolled him in a support group 
for Persian Gulf War casualties. The physiatrist began 
collecting the necessary information for completion of the 
patient’s medical evaluation board (MEB) and kept both 
the patient and his family informed on the status of these 
proceedings. The social worker continued to be liaison 
for the patient and his family, and attempted to make the 
family aware of some of the detrimental effects of the 
brother’s anger and negativity, and of their fostering the 
patient’s dependency. The nursing team, while under¬ 
standing the patient’s difficulty with adjustment, contin¬ 
ued to encourage independence. The occupational thera¬ 
pist began prevocational assessment to define the 
patient’s areas of interest and skills. The patient was re¬ 
ferred to recreational therapy to explore avocational in¬ 
terests and improve socialization. 

Ten days later, at the next team meeting, the rehabili¬ 
tation nurse reported that the patient still tended to be 
withdrawn but was now independent in all self-care ac¬ 
tivities. The physical therapist reported that the patient’s 
right ankle dorsi and plantar flexor strength now showed 
only minimal deficits, and that he was ambulating inde¬ 
pendently with axillary crutches but used the wheelchair 
for long distances. The surgical staples had been removed 
from the stump and it was well healed, conical, and 
nontender. He continued to have some phantom sensa¬ 
tion, but no phantom pain. The occupational therapist re¬ 
ported that he had persistent, intrinsic muscle weakness 
in his right hand, but the left shoulder girdle strength was 
now normal. Prevocational assessment had revealed an 
interest in, and aptitude for, work with computers and in¬ 
formation management. The psychologist reported that 
the patient was participating in individual and group 
therapy and, although there was still a good deal of re- 
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sidual anger, he was beginning te taik about and pian for 
his future in a reaiistic fashion. The sociai worker reported 
that his MEB had been compieted and the physical evalu¬ 
ation board (PEB) was in process. His brother remained 
hostile but had agreed to refrain from criticizing his 
brother’s care in front of the patient. The physiatrist re¬ 
ported that all the fragment wounds had healed, but the 
scar over the ischial tuberosity would be problematic for 
fitting with a standard quadrilateral socket above-knee 
prosthesis. At this point, it was decided to fit the patient 
with a temporary plastic quadrilateral socket with Silesian 
band suspension, safety knee, and single-axis foot. 

Within 3 weeks the prosthesis was fabricated and the 
patient achieved independent ambulation using a single 
point cane. With ambulation the patient’s stump began to 
shrink and daily adjustment of stump socks was required. 
Administratively, the patient had been discharged from 
the military with 50% service connected disability. It was 
felt by the physiatrist and prosthetist that the patient was 
not yet ready for a definitive prosthesis, but was ready for 
discharge from the hospital. The patient and his family 
wished to return home, which was several hundred miles 
from the military medical center. The physiatrist contacted 
the Rehabilitation Medicine Service at a Veterans Affairs 
Medical Center (VAMC) near the patient’s home and trans¬ 
ferred the patient’s records and care to the VAMC. 

The patient was seen by the VAMC Rehabilitation 
Medicine Service 1 week after discharge from the army 
medical center. An area of skin breakdown was noted ever 
the ischial tuberosity on the right, and the patient contin¬ 
ued to have right hand intrinsic muscle weakness in the 
distribution of the ulnar nerve. The ischial sore was treated 
with hydrogen peroxide rinses, rest periods with the pros¬ 
thesis off during the day, and Duoderm dressing when 
wearing the presthesis. The patient was continuing to add 
stump socks, currently wearing 15-ply, and was indepen¬ 
dent in ambulatien without assistive devices. He was re¬ 
ferred to the VAMC hand surgery clinic for follow-up of 
his ulnar nerve injury, and to the social work service for 
continued patient and family support. The vocational re¬ 
habilitation counselor continued testing and assistance 
with vocational training. 

The patient was seen in VAMC Rehabilitation Medi¬ 
cine Services clinic at 2-week intervals and was discussed 
in outpatient team meetings. The social worker reported 
that the patient was proceeding with plans for his wedding. 
He was still reluctant to talk about his injuries, but he ap¬ 
peared to be adapting to his return to civilian life. The voca¬ 
tional counselor reported that he had narrowed his ca¬ 
reer choice to computer programming and was exploring 
training options. The physiatrist noted that the hand sur¬ 
gery clinic had requested repeat electrodiagnostic evalu¬ 
ation of the right ulnar nerve and that this testing had 
shown some improvement in nerve function, but had also 
shown significant residual axonal loss and denervation. The 
size of the knee disarticulation stump had stabilized and 
the patient was ready fer permanent prosthetic fitting. 

At 6 weeks following discharge from the army medical 
center, the patient was seen in conjunction with the pros¬ 
thetist at the VAMC Rehabilitation Medicine Service clinic. 


It was noted that the scarred area over the right ischial 
tuberosity continued to be poorly pressure tolerant. It was 
decided te fit the patient with a narrow, medial lateral 
socket, which would eliminate weight bearing on the is¬ 
chial tuberosity. The prosthesis was fabricated, and the 
patient was admitted to the VAMC rehabilitation unit for 
prosthetic adjustment and gait training. He quickly ad¬ 
justed to the new prosthesis and was discharged after 10 
days. He was followed in the VAMC rehabilitation medicine 
clinic at increasing intervals and continues to be seen an¬ 
nually, or on an as-needed basis for prosthetic evaluation. 

Comment 

In this case, early interdisciplinary intervention 
allowed for optimal surgical and rehabilitation 
planning. Not only was the rehabilitation team al¬ 
lowed to have input into the level of fhe ampufa- 
fion, but the patient also had the opportunity to be 
acquainted with the team from fhe very beginning 
of his hospital stay. 

Once the surgery was over, careful atfenfion to 
the patient's affect and social situation played a 
large part in determining an optimal outcome. With¬ 
out recognition of confounding and conflicfing fam¬ 
ily dynamics, fhe relafionship between the nursing 
staff and fhe pafienf may have become nonproduc- 
five or even adversarial. Without close communi¬ 
cation between the military rehabilitation physi¬ 
cians and the VAMC physicians, the patient may 
have been "lost to followup," or fhe confidence and 
frusf esfablished af fhe military hospital could have 
been destroyed by delay and redundancy. 

Case Study 3: Traumatic Brain Injury 

A 20-year-old soldier sustained facial fractures and 
closed head injury when his jeep overturned. At the scene 
he was pulseless and breathless. He was resuscitated 
and transported to the base hospital before air-evacua¬ 
tion to a civilian. Level I trauma center. On admission to 
the trauma center, the patient had a Glasgow Coma Scale 
rating of 4. A computed tomography (CT) scan of his head 
showed petechial white matter hemorrhages and diffuse 
swelling. The patient was taken to the operating room 
where an extraventricular drain was placed. 

Postoperatively, the patient required hyperventilation, 
steroids, and draining of cerebral spinal fluid to control 
intracranial pressure. He was started on phenobarbital 
for seizure prevention, and required captopril for man¬ 
agement of malignant hypertension. He remained in a 
coma for 20 days, during which time tracheostomy and 
gastrostomy feeding tubes were inserted, and he was 
weaned from the ventilator. Surgical repair of his facial 
fractures was attempted, but at induction of anesthesia, 
the patient had an episode of ventricular fibrillation, which 
necessitated an electrical defibrillation and lidocaine drip. 
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A myocardial infarction was diagnosed by cardiac enzyme 
and electrocardiographic changes. Approximately 3 weeks 
after the injury, the patient began spontaneously opening 
his eyes and responding to auditory and tactile stimuli. 
He was medically stable and arrangements were made 
for his transfer to a VAMC rehabilitation unit near his 
family’s home. 

On arrival at the VAMC, the patient was evaluated by a 
physiatrist who found that he was awake and alert, but 
did not verbalize or follow commands. He was mildly com¬ 
bative. He appeared to have upper and lower extremity 
weakness on the left side. He was diffusely hyperreflexic 
and had bilateral Babinski signs. Cranial nerves could not 
be evaluated due to the facial fractures and limited pa¬ 
tient cooperation. Bilateral ankle dorsiflexion range-of- 
motion was mildly decreased. There were also 5° knee 
flexion contractures bilaterally, and a mild decrease in left 
shoulder range-of-motion. He had tracheostomy and gas¬ 
trostomy tubes in place. His medications included phe- 
nobarbital, captopril, and haloperidol. 

The plastic surgery department was consulted for 
management of the facial fractures; internal medicine for 
management of hypertension, arrhythmias, and postmyo- 
cardial infarction management; ear, nose, and throat sur¬ 
gery for tracheostomy management and possible decan- 
nulation; and neurosurgery for followup of head injury and 
seizure risk. The patient was referred to speech and lan¬ 
guage therapy for evaluation of swallowing, language 
perception, and potential for communication by nonver¬ 
bal means. Psychology Services was consulted for cog¬ 
nitive evaluation and remediation. A social worker was 
consulted to determine the patient’s planned disposition 
and to act as liaison between the military administration, 
the VAMC, and the family. The physical therapy depart¬ 
ment was consulted for active assisted range-of-motion 
to all extremities, resistive exercises as tolerated, bed 
mobility, sitting balance, transfers, and progressive am¬ 
bulation as tolerated. The occupational therapist was 
consulted for upper extremity strength, sensation and 
dexterity evaluation, evaluation and training in ADL, cog¬ 
nitive and perceptual evaluation, and remediation. Orders 
were written for the nursing staff to begin bowel and blad¬ 
der patterning programs to establish continence. The di¬ 
etitian was consulted to evaluate nutritional status and 
recommend nutritional management. 

At the initial team conference held 1 week after the 
patient’s admission, the physiatrist reported that a plas¬ 
tic surgery evaluation of the facial fractures was under¬ 
way and that a CT scan of the face had been scheduled. 
The nurse interjected that the patient would require se¬ 
dation for this study. The physician from internal medi¬ 
cine recommended tapering off the captopril since the 
patient was normotensive, and hypertension had most 
likely been related to his acute head injury. There was no 
restriction placed on his activity level. Ear, nose, and throat 
surgery service had changed the tracheostomy tube to 
an uncuffed tube but did not recommend decannulation 
at this time due to continued large amounts of pulmonary 
secretions and the planned facial surgery. The neurosur¬ 
geon had recommended continued seizure prophylaxis 


for the next 11 months due to the presence of multiple 
hemorrhages. 

The rehabilitation nursing staff reported that the pa¬ 
tient did not follow commands, was combative, and re¬ 
quired restraint to keep him from removing his feeding 
tube and tracheostomy. The haloperidol he received as 
needed for agitation was only partially effective. He was 
tolerating his tube feedings well. Bowel patterning had 
been successful, using every-other-day suppositories and 
digital stimulation, but bladder patterning was only par¬ 
tially successful; 50% of the time he voided when placed 
on the toilet; and he was incontinent approximately eight 
times a day. Postvoid residual volumes had been less than 
50 CO®. The dietitian reported that the patient was mildly 
anemic, protein deficient, and was 15 lb below his ideal 
weight. He was receiving both calorie and protein supple¬ 
mentation through his gastrostomy tube. The speech and 
language therapist reported that the patient had been 
uncooperative with both swallowing and language evalu¬ 
ation. At this time, barium swallow or oral feeding was not 
recommended. The physical therapist reported that the 
patient was combative and did not follow commands or 
demonstration. He neglected his left side. He had inde¬ 
pendent rolling in bed to the right, but not the left. He had 
poor sitting balance, falling to the left or backward. He 
tolerated range-of-motion poorly, but joint range-of-mo- 
tion was being maintained. He had been fitted with foot- 
drop splints. 

The occupational therapist also reported that the pa¬ 
tient was combative and did not follow commands. He did 
some functional activities with his right upper extremity 
and had some left upper extremity movement in synergy 
patterns. Cognitive and perceptual evaluation could not 
be performed due to limited cooperation. He was depen¬ 
dent for all ADL. The social worker reported that the pa¬ 
tient was an adopted child who had exhibited behavior 
problems as an adolescent. Both parents were employed 
full time and would not be able to care for him at home 
unless he was completely independent. The psychologist 
reported that the patient could not be evaluated due to 
low cognitive level. 

After discussion, it was decided that medications might 
be blunting the patient’s cognitive abilities. New treatment 
would include administering carbamazepine for seizure 
prophylaxis, and tapering off the phenobarbital. The hal¬ 
operidol would be discontinued, and the patient would be 
started on amitriptyline in the evening with hydroxyzine 
hydrochloride (Vistaril) as needed for agitation. He would 
not be treated in the open physical or occupational therapy 
gymnasiums but in private treatment rooms where there 
would be minimal distraction. In an attempt to reduce the 
use of medication and restraints, the nursing service 
would provide one-on-one supervision when the patient 
was on the ward. Goals of increased attention span and 
mimicking of activities, increased awareness of the left 
side, fair sitting balance, 75% urinary continence, and 
decreased combativeness were set for the next 2 weeks. 
The physiatrist would order a urine culture to assess pos¬ 
sible urinary tract infection that might be contributing to 
urinary incontinence. 
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At the next staffing conference 2 weeks later, some 
improvement in behavior had been manifested as less 
need for medications and restraint, but no progress had 
been made in the areas of continence, functional abili¬ 
ties, or cognitive function. The 3-dimensional CT scan had 
been obtained, and the plastic surgery team was plan¬ 
ning a multistage reconstruction. However, the anesthe¬ 
siologist would not clear the patient for elective surgery 
until he was at least 6 months postmyocardial infarction. 
The patient’s family was angry and critical of his care and 
had not yet reconciled to the possibility that the patient 
might not recover completely. They were anxious for the 
facial surgery to be done so that the patient would “look 
normal.” The team agreed to maintain the same goals and 
to review the patient’s progress in 2 weeks. 

No change or progress was reported at the next team 
conference. It was decided that the patient was not yet 
ready to participate in a comprehensive rehabilitation pro¬ 
gram. The social worker arranged for his placement in 
the skilled care facility of the VAMC, where he would con¬ 
tinue to receive daily occupational and kinesitherapy, and 
be treated by a speech therapist 3 times a week. He was 
reviewed in the rehabilitation clinic at 2-week intervals, 
or whenever there appeared to be a change in his status. 
A family conference with the treatment team was held to 
explain the plan and answer any questions. 

At the family conference, the reasons for transfer to 
the skilled nursing facility and plans for followup were pre¬ 
sented to the patient’s parents. They were angry and dis¬ 
appointed, but reluctantly accepted the decision. The so¬ 
cial worker would continue to communicate with them 
regarding the ongoing involvement of the rehabilitation 
medicine service, and the physiatrist and rehabilitation 
nurse specialist would be available to talk with them. They 
were invited to accompany the patient to his rehabilita¬ 
tion medicine as well as to his other clinic followup ap¬ 
pointments. 

During the next 4 months, the patient slowly became 
less agitated and more cooperative. He began to follow 
commands and attempted communication. Speech 
therapy was increased to 5 days each week and a barium 
swallow was done. This showed aspiration of thick and 
thin liquids, but not solids. The speech therapist began 
working with him on swallowing as well as on communi¬ 
cation. At the monthly interdisciplinary team conference, 
it was determined that the patient was ready for another 
trial of comprehensive rehabilitation, and plans for trans¬ 
fer back to the rehabilitation unit were made. 

At readmission to the rehabilitation unit, the patient 
was awake and alert and followed simple, one-step com¬ 
mands. He could verbalize with his tracheostomy oc¬ 
cluded, but speech was dysarthric, low volume, and con¬ 
fused. He also had significant motor and verbal perse¬ 
veration. 

He now had voluntary, isolated movement in the left 
lower extremity more than in the left upper extremity. Right 
upper and lower extremity strength was normal. Static 
sitting balance was good, bed mobility was independent, 
and transfers required minimal assistance by one per¬ 
son. Static standing balance was poor, primarily due to 


ataxia, and he ambulated only three to five steps with the 
assistance of two people. He was now continent of urine 
and on a voiding schedule every 4 hours, and was conti¬ 
nent of bowel without suppositories. He was eating solids 
and taking thickened liquids, but only when under the di¬ 
rect supervision of the speech therapist. Body weight and 
serum chemistries were normal. Tracheostomy and gas¬ 
trostomy tubes were still in place. He remained on 
carbamazepine and amitriptyline and had not required 
medication for agitation for the past 2 months. 

The patient was referred to physical therapy for con¬ 
tinued active range-of-motion, and progressive resistive 
and endurance exercise activities. The occupational thera¬ 
pist was consulted for perceptual and cognitive evalua¬ 
tion and remediation, upper extremity evaluation, and ADL 
evaluation and training. The speech therapist was con¬ 
sulted to continue work on swallowing and language and 
communication skills. A repeat barium swallow was also 
ordered. The psychologist was consulted for neuropsy¬ 
chiatric evaluation and testing. The social worker was to 
continue working with the family and patient on discharge 
plans, while the plastic surgeon was consulted for follow¬ 
up of plans for facial reconstruction. 

The first team conference was held 10 days after re¬ 
admission to the rehabilitation unit, and the physiatrist 
reported that the plastic surgeon wanted to schedule the 
first phase of the facial reconstruction within the next 4 
weeks. The patient’s parents were still very anxious for 
this surgery; however, the physiatrist was concerned that 
exposure to general anesthesia and the stress of surgery 
would compromise the cognitive recovery that was oc¬ 
curring. The family decided to go ahead with the surgery. 

The physical therapist reported that the patient now 
had 4/5 strength throughout the left lower extremity, good 
dynamic sitting balance, standing balance with supervi¬ 
sion, and verbal cues. He was able to transfer with super¬ 
vision and verbal cues, and ambulate for 20 ft. with mini¬ 
mal to moderate assistance by two people. Upper and 
lower extremity joint range-of-motion was within normal 
limits. The patient still required constant cueing to per¬ 
form his exercise program and exhibited little carryover 
of learning. The occupational therapists reported that there 
was no apparent left side neglect, but there was evidence 
of severe learning and memory deficits. The patient also 
exhibited components of motor apraxia in both upper ex¬ 
tremities. He was capable of light hygiene activities, but 
required constant cues to complete tasks. 

The speech therapist reported that a repeat barium 
swallow had shown minimal aspiration of thin liquids only 
and the patient had been placed on a mechanical soft 
diet with thickened liquids, which he was tolerating well. 
His speech showed components of both dysarthria and 
confused language, but no significant elements of apha¬ 
sia had been identified. The rehabilitation nursing staff 
reported that the patient was continent during the day, 
but had occasional accidents at night. Although he at times 
became confused, he was not combative. He required 
constant reminders and cueing during functional activi¬ 
ties and sometimes claimed he had not received his meals 
when he had eaten everything on the tray. The dietitian 
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reported that the patient was receiving adequate nutri¬ 
tion by mouth, and tube feedings had been discontinued. 
The psychoiogist reported that testing was very siow due 
to iimited attention span and poor carryover of informa¬ 
tion. Severe deficits in abiiity to form new memories and 
in information processing had been uncovered. Reading 
comprehension was aiso iimited, but this may have been 
preexistent to the brain injury. 

The sociai worker reported that the patient’s famiiy 
wouid not care for him or take him home uniess he was 
“normal.” They expressed the opinion that it was the 
government’s responsibiiity to care for him. They had, 
however, sought and received iegai guardianship and 
were managing his financial affairs. The sociai worker had 
aiso determined that the patient was stili on active duty 
miiitary status. The miiitary heaithcare facility where he 
was first treated was requesting updated information for 
compietion of the MEB. 

New goais were set, including improved ADL with su¬ 
pervision and visuai cues (pictures, simpie iists), use of 
an activity iogbook to aid memory, independence in the 
exercise program with visuai cues, ambuiation with con¬ 
tact guard assistance of one or two peopie and nighttime 
continence. The physiatrist would confirm the surgery date 
and prepare a summary for the patient’s military physi¬ 
cian. It was also decided to start tapering the amitriptyiine 
since agitation was no ionger a probiem. The sociai worker 
wouid investigate aiternatives to his discharge home. 

The first phase of the patient’s faciai reconstruction 
was scheduied for 3 weeks iater. Two weeks after the ini- 
tiai team conference, the physical therapist reported that 
the patient was ambuiating with contact guard assistance 
of one person due to occasionai loss of balance. He could 
also ascend and descend a flight of stairs with one raiiing 
and contact guard assistance. He continued to require 
verbai cues to compiete his exercise program, but was 
improving. The occupationai therapist reported the pa¬ 
tient couid complete simple hygiene tasks with setup and 
occasionai cues. He required maximai assistance to make 
entries in his activities iogbook and did not spontaneousiy 
use the book to assist his memory. He was working on 
dexterity activities and showing steady improvement. The 
speech and ianguage department reported that verbai 
output was more comprehensibie and appropriate, and 
that he had no dietary restrictions at present. The psy¬ 
choiogist reported that his memory and learning skiiis 
remained poor, but his abiiity to comprehend written in¬ 
formation was siowiy improving. The sociai worker re¬ 
ported that the patient’s famiiy was more content now that 
the faciai surgery was scheduied and the patient was 
showing some improvement. However, they were becom¬ 
ing iess avaiiabie, that is, visiting oniy once or twice a 
week for short periods and not promptiy returning phone 
cails. The physiatrist reported that the patient wouid be 
transferred to piastic surgery service preoperativeiy and 
wouid remain there postoperativeiy untii he was medi- 
caiiy stabie. 

The patient underwent faciai surgery. Postoperativeiy, 
he required heavy sedation to controi pain. Rehabiiita- 
tion medicine consuitation service foiiowed the patient on 


the surgicai ward and recommended restarting tube feed¬ 
ing to preserve nutritionai status. They aiso recommended 
that when the patient was aiert, he shouid resume physi- 
cai, occupationai, and speech therapy as toierated. Un- 
fortunateiy, the patient’s postoperative course was com¬ 
plicated by fever and diffuse infection of the frontai bone 
fiap. The patient required aggressive fever management 
and removai of the frontal bone flap. Treatment with intra¬ 
venous antibiotics was recommended for at ieast 6 weeks. 
After 1 week of antibiotic therapy, the patient was abie to 
resume rehabiiitation therapies on a iimited basis. At 3 
weeks postoperativeiy, he was participating in a fuii reha¬ 
biiitation program and returned to the rehabiiitation medi¬ 
cine unit with a Hickman catheter in piace. Due to the 
infection, no further faciai reconstruction was pianned for 
at ieast 6 months. 

The patient continued physicai therapy, occupationai 
therapy, speech therapy, and meeting with the psychoio¬ 
gist. Every other week, goais were set at the team con¬ 
ference. Six weeks after his return to the rehabiiitation 
unit, the patient was independent in ambuiating, perform¬ 
ing a resistive exercise program, and in ADL. However, 
his memory and abiiity to use assistive devices, such as 
the activities iogbook, remained poor. Due to the memory 
deficits and inabiiity to iearn new information, it was de¬ 
termined that the patient wouid require a cioseiy super¬ 
vised iiving situation. The sociai worker had iearned that 
he had been piaced on the Temporary Disabied Retire¬ 
ment List by the miiitary, making him ineiigible for VA vo- 
cationai services. His famiiy was stiii unabie to care for 
him at home. Piacement in a VA domiciiiary care facility 
was initiated, and the patient was transferred to the do¬ 
miciiiary care faciiity 2 weeks iater. 

Foiiowup in the Rehabiiitation Medicine Service clinic 
continued at 3-month intervais. The patient’s memory and 
cognitive deficits showed minor improvements as he ac- 
ciimatized to his surroundings. He received a medicai dis¬ 
charge from the miiitary with 100% disabiiity, and it was 
recommended that he be referred to VA vocationai reha¬ 
biiitation for evaluation for independent iiving support ser¬ 
vices and possibiy sheitered empioyment. The patient’s 
famiiy, however, refused this untii faciai reconstruction was 
compiete. Since his parents were his iegai guardians, no 
further action couid be taken. After 1 year, he was dis¬ 
charged from the rehabilitation medicine ciinic. He con¬ 
tinues to undergo staged reconstruction of his face and 
resides in the domiciiiary care faciiity. 

Comment 

Traumatic brain injury without other complicat¬ 
ing injuries is rare, and the care of these multiple- 
injured patients requires the coordination of many 
medical and surgical specialisfs. To avoid conflicf- 
ing medical and surgical freafmenf plans, if is es- 
senfial fhaf one physician review all the recommen¬ 
dations, resolve conflicts, and assure that all issues 
are addressed. A physiatrist is uniquely suited to 
this role. 


840 


Physiatry: Interdisciplinary Management 


In addition, traumatic brain injury has effects that 
reach far beyond fhe injured individual fo his fam¬ 
ily, friends, and communify. Unforfunafely, refurn 
fo an independenf lifesfyle is nof always possible, 
and alfernafive, appropriafe living arrangemenfs 
musf be made. A major role of fhe rehabilifafion 
feam is fo assisf fhe family in recognizing fhe defi- 
cifs fhaf will prevenf refurn fo a "normal" life and 
fo sef appropriafe goals and make plans. Family 
members offen have difficulfy accepting the 
changes in personality and behavior that result from 
fraumafic brain injury. Unless fhe inferdisciplinary 
feam members have communicafed effecfively 
among fhemselves and arrived af a consensus plan 
and goals, conflicfing informafion and affifudes 
may reinforce fhe family's denial, impairing fhe 
abilify to move forward wifh disposifion planning. 

Close followup affer fhe pafienf's fransfer fo a 
skilled care facilify allows for prevenfion of second¬ 
ary complicafions, such as joinf flexion confracfures 
and skin breakdown, as well as fhe recognifion of 
sponfaneous recovery and the appropriateness of 
differenf levels of rehabilifafion services. 

Case Study 4: Spinal Cord Injury 

A 20-year-old soldier sustained a thoracic vertebrae 
fracture/dislocation at T-9 and T-10 in a two-car, head-on 
collision. At the scene, the patient reported his legs were 
numb and he could not move them. He was placed on a 
back board and transported to a local hospital. Initial evalu¬ 
ation revealed stable vital signs, normal level of conscious¬ 
ness and normal upper extremity strength, but no sensation 
below the level of umbilicus, and no volitional movement 
of the lower extremities or lower quadrant abdominal 
muscles. Radiographs of the cervical spine showed no 
fracture or instability. Thoracolumbar spine radiographs 
showed complete anterior dislocation of T-9 on T-10. Fo¬ 
ley catheterization of the bladder yielded 1,000 mL of clear 
urine. A CT scan of the fracture area showed multiple 
fragments and complete disruption of the spinal canal and 
its contents. The patient was placed on a Stryker frame 
and admitted to orthopedic surgery service. 

Ten days elapsed before his transfer to a VA Spinal 
Cord Injury Center could be arranged. On arrival at the 
spinal cord injury center, the patient was found to have 
motor and sensory complete T-10 paraplegia. A Foley 
catheter was in place and drained cloudy, foul smelling 
urine. Rectal examination was consistent with fecal im¬ 
paction. A grade I decubitus ulcer had formed over the 
sacral area and large blisters over both heels. Joint range- 
of-motion at the hips showed mild limitations of internal 
rotation, and ankles dorsiflexed only to neutral. Tone was 
returning to the lower extremities and the patient reported 
occasional spasms. He was placed in a Gutmann bed with 
orders for position change from side to side every 2 hours 
and no supine positioning. Urine was sent for analysis 


and culture. The Foley catheter was removed and an ev¬ 
ery 6-heur intermittent catheterization regimen begun. 
Digital disimpaction and enemas were ordered; a bowel 
pregram consisting of high fiber diet, stool softener, and 
every-other-day suppositories was initiated. 

Deep vein thrombosis prophylaxis was ordered con¬ 
sisting of 5,000 units of subcutaneous heparin 3 times a 
day. Orthepedic spine surgery service was consulted for 
management of the thoracic fracture/dislocation. The pa¬ 
tient was referred to physical therapy for resistive exer¬ 
cise of the upper extremities and passive range-of-mo- 
tion of the hips, knees, and ankles at bedside. The occu¬ 
pational therapist was consulted for foot-drop splints and 
assistive devices for ADL. The psychologist was consulted 
to provide emotional support and counseling. The social 
worker began investigation of the patient’s social situa¬ 
tion and resources, and acted as liaison among the pa¬ 
tient, the family, and the military administration. The rec¬ 
reational therapy department was asked to explore the 
patient’s avocational interests and activities. 

At the team conference 1 week after admission, the 
physiatrist reported that the patient’s fracture was judged 
stable and he had been cleared to get out of bed. An ab¬ 
dominal binder was used to provide increased ventila¬ 
tion, secretion clearance, and trunk support. Urine cul¬ 
ture was positive for infection, and the patient was being 
treated with oral antibiotics. The rehabilitation nursing staff 
reported that the patient was cooperative and pleasant. 
His bowel program was effective and bladder volumes 
were under 400 mL. There had been no spontaneous 
voiding. The sacral area was completely healed. The blis¬ 
ters over the heels had been unroofed and there was 
healthy granulation tissue at the bases. The patient was 
tolerating the Gutmann bed well. 

The physical therapist reported that the patient was 
maintaining normal upper extremity strength through 
Theraband and free weight exercises. He was independent 
in his exercise program. His lower extremity range-of- 
motion at the hips, knees, and ankles was now normal. 
Tone in the lower extremities was increasing bilaterally 
with several beats of unsustained clonus at the ankles. 
Frequency of spasms was increasing, but these were not 
currently interfering with function. The occupational thera¬ 
pist reported that evaluation of the patient’s ADL abilities 
had been limited by the patient having to remain flat in 
bed. There were ne deficits in dexterity identified at this 
time, and occupational therapy was on hold until the pa¬ 
tient could be mobilized. The psychologist reported that 
the patient’s spirits were good, but there appeared to be 
a significant degree of denial regarding his injury and 
potential recovery. The social worker reported that the 
patient was single and had been living in the barracks. 
He had been raised in a single parent home and that par¬ 
ent currently could not be located. He had a GED (Gen¬ 
eral Education Diploma) and had been an airborne ranger. 
At the time of the injury, he had been training for a triath¬ 
lon. The recreational therapist reported that all the 
patient’s avocational interests had centered areund sports, 
both as participant and spectator. At present, he seemed 
te be content to watch television and wait until he “got 
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better.” The team concurred that the patient was obviously 
in a phase of denial and, given his past emphasis on physi¬ 
cal activities, adjustment to his impairments would be dif¬ 
ficult. All team members would gently but firmly reinforce 
that recovery of lower extremity function was unlikely while 
stressing the patient’s residual ability and potential for 
participation in adapted activities and sports. 

The treatment plan was to transfer the patient into a 
regular hospital bed and to begin working with him to be¬ 
come more mobile. An abdominal binder was ordered. 
Goals for the next 2 weeks were set at independent bed 
mobility, tolerance of sitting for 2 hours at a time, fitting of 
an appropriate wheelchair, independence in upper body 
hygiene, feeding and grooming activities, continued con¬ 
trol of bowel and bladder, and healing of the heel ulcers. 

Two weeks later the rehabilitation nurse reported that 
the patient had several episodes of spontaneous voiding. 
Postvoid residual urine volume was 200-300 mL. The ul¬ 
cers over the heels were nearly healed. He had, how¬ 
ever, developed a right, grade I ischial ulcer after sitting 
in his wheelchair for 2.5 hours one day. His wheelchair 
cushion was changed, and the nursing staff reinforced 
the need for pressure releases every 5 to 10 minutes. 
The physical therapist reported that the patient was inde¬ 
pendent in bed mobility. He had had no problem tolerat¬ 
ing the upright position and was able to maintain sitting 
on the edge of the exercise mat with upper extremity sup¬ 
port. He required the moderate assistance of one person 
to go from supine to sitting and the moderate assistance 
of two people for sliding board transfers. He could propel 
his wheelchair for unlimited distances. Joint range-of- 
motion was being maintained throughout the lower ex¬ 
tremities, and the patient required only occasional assis¬ 
tance and cueing with his range-of-motion program. 

The occupational therapist reported that the patient 
was independent in feeding, upper body hygiene, and 
dressing with set up. He required minimal assistance and 
adaptive devices for lower extremity dressing. The psy¬ 
chologist reported that his spirits remained good, though 
there was still concern about denial. Socialization with 
the other patients on the unit was being encouraged, and 
the recreational therapist reported that the patient was 
working on craft activities in a group setting. He had not 
yet participated in any outings. The social worker reported 
that the patient’s MEB had not yet been done and the 
army was requesting an updated medical summary. 

It was agreed that during the next 2 weeks the physi- 
atrist would perform urodynamic studies of the patient’s 
bladder and change his bladder program if needed. The 
physiatrist would also provide the military with an updated 
medical summary. The physical therapist’s goal would be 
sliding board transfers with minimal assistance and inde¬ 
pendent supine to sit transfers using an overhead trapeze. 
Need for pressure release when sitting would be stressed. 
The occupational therapist would begin working on bath¬ 
room transfers and activities. The psychologist would con¬ 
tinue to provide support while the recreational therapy 
department would include the patient in the next outing. 

At the next team conference 2 weeks later, the physi¬ 
atrist reported that urodynamic testing had shown a spas¬ 


tic bladder with a significant degree of dyssynergia and 
vesicoureteral reflux. The intermittent catheterization pro¬ 
gram would be continued. The nursing staff reported that 
the patient had been compliant with his skin care regi¬ 
men and there were no new skin problems. The physical 
therapist reported that spasticity was becoming more 
of a problem, and spasms were interfering with transfer. 
At this point the patient could transfer with the minimal 
assistance of one person, but as a safety precaution, a 
second person needed to be available. It was also noted 
that left hip range-of-motion, especially rotation, had be¬ 
come limited. The occupational therapist concurred that 
spasticity was interfering with bathroom transfers. The rec¬ 
reational therapist reported that the patient had gone out 
to the movies, but that he had appeared somewhat self- 
conscious and frustrated at his dependence. The psy¬ 
chologist reported that the patient was less cheerful but 
had not yet started talking about his injury and disabili¬ 
ties. The nursing staff added that a few of his friends from 
high school had come to visit over the weekend and, al¬ 
though he had enjoyed the visit, he was withdrawn after¬ 
wards. 

The possibility of heterotopic ossification at the left hip 
was discussed. The physiatrist would order plain radio¬ 
graphs and, if these were normal, a bone scan would be 
done. Urinary tract infection was also considered as an 
etiology of increased spasticity and a urine culture was 
ordered. The physical therapist would continue to work 
on transfer skills and would monitor more closely the 
patient’s range-of-motion program. The occupational 
therapist would continue the current treatment plan, but 
would begin some prevocational testing and discussions 
with the patient. The recreational therapist would continue 
to include the patient in activities and try to arrange for 
him to attend a wheelchair basketball game. The psycholo¬ 
gist would continue to provide support and counseling. 

Radiographs of the left hip were normal, but bone scan 
showed abnormality at the left hip consistent with hetero¬ 
topic bone formation. The patient was started on 
etidronate disodium (Didronel). Urine culture was posi¬ 
tive for infection and an appropriate antibiotic regimen 
was begun. Within a few days of treatment initiation, spas¬ 
ticity was less marked and not interfering with activity. At 
the next team conference, the physical therapist reported 
that the patient required supervision only with occasional 
contact guard assistance for all transfers. Left hip range- 
of-motion was still decreased, but improving. The occu¬ 
pational therapist reported that the patient was indepen¬ 
dent in self-care activities but had been resistant to pre¬ 
vocational assessment and discussion. The recreational 
therapist reported that the patient had attended one bas¬ 
ketball game, but declined to attend a second. While at 
the game, he had been critical of the activity. The psy¬ 
chologist reported that the patient was beginning to rec¬ 
ognize the permanence of his impairments and the 
changes to his lifestyle, and the rehabilitation nursing staff 
reported that the patient had begun talking to one of the 
young, male, night nursing aides about his disability. The 
social worker reported that neither the patient’s MEB nor 
PEB had been completed. 
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The plan for the next 2 weeks was to continue working 
on functional and self-care abilities. The occupational 
therapist would continue with the prevocational evalua¬ 
tion, and the patient would also be referred for handi¬ 
capped driver-training assessment. Because of special 
regulations for spinal oord injured service members, this 
patient was eligible for VA vocational rehabilitation coun¬ 
seling services before his discharge from the military. 

During the next 3 months the patient continued to 
progress in all areas of independent functioning. He went 
through a period of depression and anger about his in¬ 
jury and impairments but, with the support of the team 
and other patients, was able to come through this and 
begin planning his future. This included counseling re¬ 
garding sexual function and fertility. With the aide of a 
sooial worker he was able to find an apartment near his 
old neighborhood and to purchase a car. He decided to 
pursue training as a photographer and would begin 
classes in the fall. After 4 months in the rehabilitation unit 
he was discharged to live independently. He continued to 
receive his healthcare at the VA spinal cord center as an 
outpatient. 

Comment 

As a patient moves through a rehabilitation pro¬ 
gram, his needs change. In response to these chang¬ 
ing needs, the composition of the interdisciplinary 
team must change. In the case of a spinal cord in¬ 
jured patient, the initial area of concenfration is on 
physical abilifies and medical managemenf, but as 
the patient learns new skills, the emphasis shifts to 
social and vocational issues. 

Case Study 5: Cervical Strain 

A 37-year-old supply sergeant experienced neck pain 
and stiffness after a box of boots fell from the top of a 
stack and struck him on the side of his head. There was 
no loss of oonsciousness. He was initially seen in the troop 
medical clinic by the general medical officer (GMO) and 
complained of occasional electric shock-like pain radiat¬ 
ing down his right arm and paresthesias in the thumb and 
index finger when lying supine or turning his head to the 
right. A nonsteroidal antiinflammatory drug (NSAID), a soft 
cervical collar, and physical therapy were ordered. 

A physical therapist’s evaluation of the patient revealed 
paraspinal musole spasm with decreased neck rotation 
and lateral flexion. The right brachioradialis muscle stretch 
reflex was decreased compared to the left and there was 
mild weakness of the wrist extensors, forearm pronation 
and elbow flexion on the right. The physical therapist con¬ 
tacted the GMO to discuss the neurologic findings and 
proposed treatment plan. 

After discussion, cervical spine radiographs were or¬ 
dered to include flexion/extension views. These showed 
no fracture or instability. A treatment program including 
cervical traction, superficial heat, NSAID, active cervical 
and shoulder range-of-motion, and a Philadelphia collar 


was developed. Reevaluation of the patient’s neurologi¬ 
cal status was done daily by the physical therapist. 

After 2 weeks, the patient reported a 75% decrease in 
neck pain, occasional radicular pain, and resolution of 
the paresthesias. Neck range-of-motion was still limited, 
and cervical paraspinal spasm was still evident but de¬ 
creased. Strength in the right upper extremity was stable 
as were muscle stretch reflexes. The GMO confirmed the 
therapist’s findings and the treatment regimen was con¬ 
tinued. 

After 4 weeks of treatment, the patient reported oom- 
plete resolution of the radicular pain and about a 90% 
decrease in neck pain. Muscle stretch reflexes were now 
symmetric, but the right arm remained slightly weak. Cer¬ 
vical spine range-of-motion was now normal and spasm 
was resolved. After discussion, cervical traction was dis¬ 
continued and neck range-of-motion against gentle re¬ 
sistance was begun. Progressive resistive exercises for 
the right upper extremity were also begun. The GMO pro¬ 
vided the patient with a temporary profile excusing him 
from running, lifting more than 10 lb, overhead work, and 
pushups for the next 2 months; however, the patient was 
instructed to use the stationary bicycles and stair climb¬ 
ers in the base gymnasium to maintain aerobic condi¬ 
tioning. Over the next month the patient continued to be 
seen in physical therapy at increasing intervals. His up¬ 
per extremity strengthening program was transferred to 
the base gymnasium, and he was instructed to gradually 
resume other activities. Two months after his initial injury 
he was discharged from physical therapy and returned to 
full duty. 

Comment 

This last case illustrates that interdisciplinary 
management does not take place only in the 
physiatry clinic, but can be accomplished at the 
troop medical clinic level. The interdisciplinary 
management of this case differed from fhe more 
common mulfidisciplinary managemenf because of 
fhe communicafion befween fhe physician and fhe 
fherapisf, and fhe formafion of an infegrafed freaf- 
menf plan, including pharmacologic infervenfion, 
resfricfion of activify, and exercise and physical mo- 
dalifies. Wifhouf effecfive communicafion befween 
fhe fherapisf and physician, inappropriafe freaf- 
menf may have led fo furfher or prolonged impair- 
menf. Also imporfant is fhe attenfion to the patient's 
overall health and fitness. If fhe pafienf had simply 
been given a profile buf nof insfrucfed in alferna- 
five ways to maintain his aerobic conditioning, he 
would have required further rehabilitation once his 
return to normal activity was allowed. Even worse, 
he may have suffered secondary injury due fo de- 
condifioning when he refurned fo full acfivify. 

In summafion, fhe five previous cases highlight 
the importance of involvement of fhe pafienf as well 
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as any other involved family members or caregivers 
in the rehabilitation process. It has been pointed out 
that the patient is the only one who is intricately 
involved in all phases of the rehabilitation program. 


Furthermore, as the patient moves through the re¬ 
habilitation process, team members may change, 
but the foundation of interdisciplinary management 
and communication remains the same. 


CONCLUSION 


The rehabilitation of transient or permanent 
physical impairment requires the cooperation and 
work of a wide variety of individual healthcare 
practitioners. Whether the impairment is relatively 
simple and temporary (such as the case of a distal 
femoral fracture. Case Study 1), or complex and 


permanent (in the case of severe traumatic brain 
injury. Case Study 3), management by an interdis¬ 
ciplinary team will clarify goals, coordinate treat¬ 
ment plans, reduce the redundancy of efforts, and 
lessen or help to avoid the impact of secondary com¬ 
plications. 
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INTRODUCTION 


Though the collapse of communism indicates a 
diminishing probability that the United States will 
be engaged in global wars, there is still the possi¬ 
bility of limited conflicts involving U.S. troops. Any 
military action, of course, brings casualties, and 
these injuries have immense personal, social, and 
economic consequences. Moreover, even in peace¬ 
time, military personnel may suffer service-con¬ 
nected disabling injuries. One implication of trau¬ 
matic injuries that is beginning to receive attention 
from healthcare providers is the manner in which 
an effective vocational rehabilitation process can be 
used to facilitate the soldier's return to duty, or as¬ 
sist in optimal life adjustment when resumption of 
military service is not possible. 

IN-HOSPITAL PHASE FOR 

If vocational rehabilitation is to benefit the 
wounded soldier, three areas must receive attention 
as the soldier receives in-hospital medical treat¬ 
ment. These areas are: (1) recognition of the 
individual's emotional reaction to the injury, (2) 
short-term counseling that addresses emotional and 
related career-adjustment issues, and (3) vocational 
assessment. Many disabilities may not stabilize suf¬ 
ficiently during the in-hospital course to permit a 
completely accurate assessment of future capabili¬ 
ties and opportunities. Nevertheless, vocational 
evaluation initiated within the hospital can still as¬ 
sist the soldier in learning about posthospital dis¬ 
charge career possibilities. 

Emotional Reaction to War-Related Injuries 

Determinants of Emotional Reaction 

Battle wounds not only inflict damage to a 
person's body; they also affect an individual's emo¬ 
tional life. To neglect what is happening emotion¬ 
ally to a soldier after an injury can considerably en¬ 
danger the timely and appropriate development of 
vocational rehabilitation plans. There is frequently 
a close relationship of the physical condition to the 
psychological condition, and there is evidence that 
addressing psychological issues can speed physi¬ 
cal recovery.A war-related injury has important 
psychosocial dynamics that are distinguishable 
from the psychosocial dynamics of other disabili¬ 
ties of similar sudden onset. 


This chapter will identify and discuss the differ¬ 
ent components or steps for an effective vocational 
rehabilitation process. The context for this discus¬ 
sion will be the two phases of vocational rehabili¬ 
tation, namely, the in-hospital and outpatient/post¬ 
discharge periods. Planning for different career 
options should begin as soon as possible after the 
soldier's injury. Early intervention can assist the in¬ 
dividual in making a personal commitment to re¬ 
establish a sense of order in his life; the person's 
level of motivation to recover can be stimulated and 
maintained more effectively than if sick-role behav¬ 
ior is allowed to establish itself; and early availabil¬ 
ity of rehabilitation opportunities can ease the pro¬ 
cess of coping and adjustment.^ 

THE INJURED SOLDIER 

These dynamics can consist of (a) the military 
service's expectations that one will make every ef¬ 
fort, when appropriate, to return to duty; (b) the de¬ 
pendence factor that may be integral to a large part 
of the person's military life before injury onset, a 
dependence that was fostered to ensure that orders 
would be obeyed promptly; and (c) expressed feel¬ 
ings of courage that may mask a denial of the 
injury's implications for independent living. Cour¬ 
age is earnestly promoted as an important charac¬ 
teristic of a soldier, and is conceptualized as perse¬ 
verance in the face of recognized difficulties. All 
three of these dynamics can influence the soldier's 
emotional adjustment to bodily injuries and losses 
incurred during war. Expectations required during 
military service may exacerbate the individual's 
anxiety and fear that he may not again be an effec¬ 
tive soldier, dependence may inhibit the assump¬ 
tion of personal responsibility for one's career out¬ 
comes, and denial with the mask of courage may 
cause the soldier to ignore important health mea¬ 
sures and vocational rehabilitation interventions. 

How the individual responds emotionally to the 
injury can also depend on the following factors: 

• The nature of the injury, especially its vis¬ 
ibility and severity. 

• The age of the person. 

• The degree of satisfaction with military life 
prior to being wounded. 

• The person's level of dependency needs as 
well as his philosophy of life. 
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• Whether early counseling or vocational re¬ 
habilitation or both occurred. 

• The circumstance of injury onset (whether 
the injury happened on the battlefield or in 
a supporf unif). 

Each, or a combinafion of fhese facfors, may in¬ 
fluence fhe person's posfinjury behavior. For ex¬ 
ample, if fhe soldier is accusfomed fo being depen- 
denf on ofhers for mosf daily needs and has always 
been relucfanf fo show inifiafive or independenf be¬ 
havior, fhen he may read fo fhe fhreaf of disabilify 
by increasing fhis prewound mode of behavior. 

The nafure of fhe injury, such as fhose fhaf are 
disfiguring, disabling, painful, or on a body region 
fhaf carries special imporfance, like fhe eyes or re- 
producfive organs, may have a psychological sig¬ 
nificance fhaf has liffle fo do wifh biological facfors 
relafed fo survival.^ if fhe individual's milifary re- 
sponsibilifies provided confinued dissafisfacfion, 
fhen fhe person may find in fhe injury an excuse 
nof fo refurn fo acfive dufy. Finally, fhe age of fhe 
wounded soldier can have a decided impacf on 
mofivafion and even on fhe level of willingness fo 
appreciafe possible benefifs accruing from refurn 
fo dufy. A person wifh many years of service who 
is looking forward fo refiremenf usually has differ- 
enf concerns fhan a soldier early in his career. The 
latter, while coping wifh young adulf issues, may 
have a differenf percepfion of injury-relafed impli- 
cafions. 

Emotional Reactions and Needs 

Following fhe injury, fhe wounded person may 
have a variefy of differenf emofional reacfions, such 
as anger and hosfilify, frusfrafion, feelings of dam¬ 
age and powerlessness, fear of fhe unknown fufure, 
depression, and perhaps guilf. Idenfifying fhese dis- 
fincf emofions helps in undersfanding fhe person's 
response fo war-relafed injuries. Anofher approach 
is fo view fhe wounded soldier as undergoing se- 
quenfial, reacfive sfages fo fhe unexpecfed evenf. 
The sfages in fhe process of adjusfmenf fo disabil¬ 
ify are usually fransifional and femporary in nafure, 
and fhe sfages fhemselves are nof necessarily dis- 
crefe and cafegorically exclusive. They may flucfu- 
afe, blend, or overlap wifh one anofher.® 

Roessler^has concepfualized fhaf successful ad- 
apfafion fo a disabilify is fhe resulf of fwo adjusf¬ 
menf processes: acknowledgmenf and goal setting. 
Acknowledgmenf encompasses fwo sfeps, appraisal 
and reappraisal. Appraisal consisfs of an immediafe 


posifive or negafive affecfive reacfion, followed by 
a cognifive evaluafion in which fhe individual as¬ 
sesses fhe seriousness of fhe evenf, ifs impacf on 
refurn fo milifary life, and fhe immediafe rafio of 
personal deficifs fo personal resources. Reappraisal 
involves fhe injured person in such menfal pro¬ 
cesses as fhe considerafion of self beliefs, values, 
expecfafions, and perceived incenfives and disin- 
cenfives.^If fhe individual is going fo adapf success¬ 
fully fo fhe injury, fhen fhe injury evenf musf be 
inferprefed using cognifions associafed wifh infer¬ 
nal confrol and posifive self-esfeem. Finally, goal- 
setting involves remotivation and restructuring pro¬ 
cesses fhaf include fhe use of such posifive coping 
mechanisms as {a) neufralizing fhe perceived nega¬ 
five implicafions by confrolling fhe meaning of fhe 
evenf; (b) minimizing personal discomforf; or (c) us¬ 
ing fhe problem-solving behaviors of generafing al- 
fernafives, selecfing a solufion, and monitoring fhe 
oufcomes of a selecfed sfrafegy fhaf leads fo refurn 
fo dufy or a service discharge wifh opfimal ufiliza- 
fion of residual capacifies in civilian employmenf.® 

This cycle of appraisal, reappraisal, remofivafion, 
and resfrucfuring assumes fhaf fhe usual adapfa- 
fion fo a disabilify involves a femporal sequence of 
psychosocial developmenfal sfages.® The cycle also 
provides an undersfanding of how someone 
wounded in combaf can achieve successful adapfa- 
fion, and if idenfifies fhe specific needs fhaf an in¬ 
dividual may have during fhe in-hospifal recupera- 
five or rehabilifafion periods or bofh. For example. 
Table 15-1® illusfrafes fhe relafionship befween fhe 
parficular cycle of fhe individual's response and 
selecfed, emerging needs. 

A wounded soldier's emofional reacfion fo an in¬ 
jury can be undersfood, consequenfly, as a cycle of 
sfages during which individual needs, coping 
sfyles, and dominanf emofions emerge. These needs 
and emofions can become fhe focus of inifial reha¬ 
bilifafion efforfs. This is illusfrafed in fhe follow¬ 
ing case sfudy. 

Case Study 1 

Corporal Anderson was injured during the Vietnam War. 
When he was blown off a bridge by a mortar shell and 
landed in a gully, he incurred shrapnel wounds in his back. 
During the in-hospital phase of his treatment, he began 
to consider his career options. He was very upset that he 
might not be able to return to duty because of the sever¬ 
ity of his injury. Anger and frustration were the dominant 
emotions at this time, which he showed in frequent, ver¬ 
bal outbursts to the healthcare staff. But as he learned 
more about the effects of his injury (fragments had caused 
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TABLE 15-1 

ADAPTIVE STAGES TO A DISABILITY EVENT" 


Stage Need 


Appraisal 


Reappraisal 


Remotivation 


To obtain information about career options 

To receive emotional support 

To be acknowledged as a worthwhile person 

To obtain information about residual assets and social and vocational role opportunities 
To assume personal responsibility 
To identify new life goals 
To accept others and their support 

To receive information about effective coping strategies 
To develop career goals that include realistic options 
To receive support 

To review personal resources and responses and how they can be used in expected, stressful 
situations 


Restructuring To identify stressful situations related to implementing goals 
To identify additional, personal skills needed to reach goals 
To implement useful coping strategies 
To receive support 


severe nerve damage, resulting in difficulty for prolonged 
standing or sitting), he began to consider new career 
goals. This prooess was nurtured by oontinued informa¬ 
tion about career opportunities, the support of his family 
who was pleased that he had survived the war and was 
returning home, and by his physicians who continually 
stressed new, challenging opportunities. The corporal’s 
anger and frustration began to subside, and the appraisal 
and reappraisal stages progressed to a remotivation pe¬ 
riod. This stage was characterized by a review of his per¬ 
sonal resources during which he gradually acknowledged 
his limitations and strengths. Anger continued over his 
situation but with an absence of verbal outbursts, and a 
formulation of new career goals was achieved. 

A key point in this soldier’s transition to the remotiva¬ 
tion stage was early intervention in regard to his emo¬ 
tional conoerns, particularly to his feelings of uncertainty 
and frustration about the future. With wounded soldiers, 
early attention to these concerns can make a decided 
difference in whether the person will have, during hospi¬ 
talization, a positive or negative orientation to the resump¬ 
tion, when possible, of military responsibilities. 

Short-Term Counseling 

The onset of a war-related injury can lead to 
many dramatic changes in a person's life. Not all 
of these changes may be immediately apparent; 
some present themselves to a person and to health¬ 


care providers over a long period of time. Some of 
the immediate changes include {a) adjusting to an 
awareness of new limitations of body or mind, {h) 
learning how to deal with a possible modification 
in career plans, and (c) engaging in a resocializa¬ 
tion process when friends or family relate to the 
person in a different way, especially before the in¬ 
jury has stabilized and more definite life plans can 
be formulated. In-hospital rehabilitation then be¬ 
comes a process of assisting the individual to live 
with the injury in the hospital environment, and 
helping him to prepare to follow a career option 
after gaining information about possible opportu¬ 
nities. 

Counseling is part of this dynamic process of 
learning and exploring new career directions. The 
goals of counseling are many and include the fol¬ 
lowing: 

• Assisting the person to understand the 
emotional reactions to the injury and to 
learn how to deal with any negative reac¬ 
tions caused by personal frustrations or the 
attitudes of others. 

• Identifying personal resources, such as edu¬ 
cational background, work experience, and 
definite occupational interests that can be 
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developed for vocational opportunities, ei¬ 
ther with the option of return to duty or of 
civilian adjustment, including employment. 

• Providing support to the individual as ad¬ 
justment attempts are made during hospi¬ 
talization and vocational plans are devel¬ 
oped. 

• Educating the person with sudden-onset 
disability to develop effective coping 
mechanisms and to set appropriate priori¬ 
ties for each. These include the use of as¬ 
sertive responses; relaxation procedures; re¬ 
definition of personal, social, and voca¬ 
tional goals; and problem-solving tech¬ 
niques. 

• Ameliorating feelings of alienation and iso¬ 
lation, and modifying denial beliefs that 
would hinder rehabilitation efforts. 

To achieve these goals, counseling for the indi¬ 
vidual involves communicating information with 
respect and support, and educating the person to 
appreciate his capabilities. This understanding can 
stimulate feelings of responsibility, optimism, and 
worth. Counseling may also demand periodic con¬ 
frontation when the soldier is pressured with di¬ 
verse, but necessary, options and urged to explore 
each direction carefully. 

These supportive efforts, however, should be di¬ 
rected toward working within the person's life¬ 
style, and must include an awareness of the cultural 
values of the soldier and the impact of these values 
on career choices.^ The armed services represent 
many different ethnic and cultural groups, and 
some members of these groups may be less com¬ 
fortable than others with the traditional counsel¬ 
ing approaches that emphasize verbal interaction 
and disclosure of emotionally loaded personal in¬ 
formation.® The modes of interaction and patterns 
of authority, decision-making processes, and roles 
of military service personnel are in large part de¬ 
termined by ethnic and military cultures. Counsel¬ 
ing strategies that recognize the importance of dif¬ 
ferences generated by both military life and ethnic¬ 
ity provide valuable support for the development 
of intervention strategies built on patterns familiar 
to the individual. For example, research^'^° has sug¬ 
gested that as a group, Hispanics and African- 
Americans who are in counseling tend to be less 
introspective, less introverted, and less concerned 
with self than what is considered the cultural norm 
for middle-class white Americans on whom tradi¬ 
tional counseling approaches were developed. Sub¬ 
stantial differences also exist in attitudes, expecta¬ 


tions, and general lifestyles, and the counselor must 
be prepared to deal with them.^^ 

If such conclusions are applicable to today's sol¬ 
diers from African-American or Hispanic back¬ 
grounds, more appropriate counseling strategies 
should be used, that is, those that (a) do not ask for 
extensive self-disclosures, (b ) are short term, and 
(c ) emphasize communication that is related to the 
person's current experiences and practical op¬ 
tions.The use of concepts such as "self-esteem" 
or "self-insight" is minimized during counseling 
interactions. The dialogue concentrates more on 
what is happening to the individual, the personal 
meaning of what has occurred, and understanding 
what the future offers. Counseling effectiveness 
with soldiers representing different racial and eth¬ 
nic backgrounds depends, however, on the type of 
presenting problem and characteristics of the coun¬ 
selor that may override racial and ethnic differ¬ 
ences.” 

To maintain a supportive approach that recog¬ 
nizes the importance of the individual's lifestyle, 
the most promising medium for communicating 
may be group counseling. Remotivation and self¬ 
understanding can often occur because of the in¬ 
fluence of one's peers. Through the facilitation of 
the group leader, the injured person's peers may be 
able to communicate that it is permissible to feel 
angry, frustrated, and even guilty over what has 
happened, and that one can profit by mistakes. Mili¬ 
tary personnel, particularly those who experience 
injury in a noncombat position, may blame them¬ 
selves for the casualty. Yet in a group counseling 
setting, where opinions are respected and feelings 
shared, the individual may gain another perspec¬ 
tive on his beliefs and perhaps acquire new convic¬ 
tions that there are realistic, attractive career op¬ 
tions. 

Sharing information, active listening, and show¬ 
ing support can all assist the individual in aware¬ 
ness of personal resources, varied obstacles, modi¬ 
fied life goals, and effective coping strategies to deal 
with war-injury implications. In turn, understand¬ 
ing and utilization of coping methods assist the 
person to become an invaluable partner with the 
healthcare provider for the achievement of rehabili¬ 
tation goals. This partnership is absolutely neces¬ 
sary if the soldier accepts the implications of the 
injury and is to have energy to take responsibility 
for tasks directed either to the return to duty or to 
military discharge with optimal career placement. 
As stated earlier, a war-related injury brings personal 
loss, a loss that can be minimized by the sharing of 
the experience, the opportunity to talk about and work 
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through the sense of loss, attention to personal 
strengths, and a realistic projection to the future. 

Even though counseling may be designed to meet 
individual needs, resistance from fhe injured per¬ 
son may be a dominanf facfor during hospifaliza- 
fion. A relucfance fo explore career opfions, or fo 
respond fo ofher rehabilifafion infervenfions should 
be idenfified as soon as possible. Frequenfly, fhis 
relucfance fo any counseling or vocafion assessmenf 
is fo be expecfed. Someone may require a period of 
fime fo work fhrough feelings associafed wifh fhe 
injury evenf. During fhis fime, supporf in fhe form 
of lisfening and showing respecf and accepfance of 
a person's emofions is necessary. If relucfance for 
any rehabilifafion assisfance confinues during fhe 
lafer phases of fhe person's in-hospifal recovery pe¬ 
riod, fhe counselor should idenfify fhe cause of fhe 
relucfance, convey fo fhe person fhaf he is aware of 
fhe relucfance and ifs cause, and fhen develop a 
sfrafegy fo deal wifh fhe resisfance. An example of 
relucfance is illusfrafed in fhe following case ex¬ 
ample. 

Case Study 2 

Specialist Smith had been a robust, athletic army medic 
until he stepped on a land mine during combat. He was 
lucky to be alive, and to have had only a below-the-knee 
amputation. But his physical system had undergone a 
severe insult, and the surgery to reconstruct his stump 
had been a nightmare of pain and sleepless nights. He 
had served as a medic for 3 years. Prior to entering the 
military service, he had graduated from high school and 
earned an Associate of Arts degree as a veterinarian 
assistant from a community college. Personal history in¬ 
dicated that he was well liked among his servioe peers, 
had advanced quickly in rank, and was considered by the 
doctors to be a “top-flight” medic. 

Specialist Smith had lived on a farm before his military 
servioe. Although he believed that his oombat injuries 
would not leave him totally incapacitated, he felt different 
about himself and seemed depressed and distracted. The 
nurses recognized that it was not unusual to be de¬ 
pressed, but sensed that Smith’s reaction was more per¬ 
vasive than was typically the case. He frequently yelled 
at any nurse, doctor, medic, or ambulatory patient he could 
see. He ate little and refused almost anything except the 
ice cream sodas his doting mother brought every day. In 
the doctor’s mind. Smith seemed to be questioning his 
identity and showed an inability to say what kind of a per¬ 
son he was prior to the injury event. During an initial visit 
with a counselor, he revealed that there was a strong 
parental expectation that he take over the family farm af¬ 
ter his father was too old to work it. He had acquiesced to 
this expectation, which was largely unspoken but as¬ 
sumed, because he had great difficulty in communicating 
with his parents. Before his hospitalization he had learned 
to deny his feelings, but the oounselor surmised that there 


was an apparent naivete about the world, his career op¬ 
tions, and what was required to achieve a realistic, voca¬ 
tional goal. He did not wish to discuss much about his life 
with a counselor or related healthcare provider, and re¬ 
marked to a patient that “I don’t know what to do. Before 
this happened, I had planned to stay in the service. I like 
to work with animals, but I don’t want to be a farmer.” 

To deal with Smith’s apparent reluctance for counsel¬ 
ing intervention and exploration of oareer options, the 
counselor should convey support for Smith's dilemma, and 
give a listening ear to the different life and career-related 
issues. The mother, as a possible reinforcement for the 
son’s current acting-out behavior, must also be monitored 
and redirected. Group counseling should also be consid¬ 
ered because his peers might have an influence on mini¬ 
mizing the angry behaviors. If the counselor shows re- 
speot for Smith’s oareer dilemma, and understands and 
shares this knowledge of how the recent combat injury 
might be aggravating the dilemma, this acceptanoe oould 
convey the important message: “You are not alone. There 
are attractive options, and there are both your own and 
environmental resources to assist you.” The availability 
of additional data on oareer alternatives and new infor¬ 
mation about his remaining functional capacities will as¬ 
sist Specialist Smith in his reappraisal of the injury event. 
In addition, if the counselor helps him to become aware 
of the core problem related to his ourrent behavior and 
teaches him problem-solving skills that can alleviate the 
personal difficulties associated with decision making, this 
assistance can facilitate Smith's own remotivation to ca¬ 
reer and life adjustment goals. 

Vocational Assessment 

While the soldier is undergoing in-hospital re¬ 
habilitation and treatment, this third area of interven¬ 
tion effort could be considered the most important. If 
the individual receives feedback about remaining 
postinjury strengths (early in the recuperative pro¬ 
cess), this knowledge may stimulate a motivation 
to recover. The process of adjustment to a disrup¬ 
tive life event has been extensively studied by so¬ 
cial scientists.^ The preferred mode of intervention 
with recently injured persons is a highly individu¬ 
alized and flexible approach characterized by early 
assistance for any possible alterations of cognition 
that may be harmful to the mental health and ca¬ 
reer adjustment of the soldier, and by extreme sen¬ 
sitivity to the particular emotions that each 
wounded person is experiencing.® Knowledge ac¬ 
quired from an individualized assessment approach 
can help the solider to counteract feelings of frus¬ 
tration, guilt, and even hopelessness over return to 
duty or, if that option is not possible, over a satis¬ 
fying, civilian job placement. 

Because rehabilitation for the injured soldier is a 
process of restoration—a way to help an individual 
toward practical goals where opportunities for self- 
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dependence and personal satisfaction are possible— 
it is a process based on productive output and pro¬ 
ductive living. Vocational assessment is then a com¬ 
prehensive, interdisciplinary process of evaluating 
a war-injured individual's physical, mental and 
emotional abilities, limitations, and tolerance in 
order to identify an optimal outcome for the indi¬ 
vidual. It evaluates such factors as the soldier's 
vocational strengths and weaknesses, which in turn 
could be found in the areas of personality, aptitude, 
interest, work habits, physical tolerance, and dex¬ 
terity.'® Assessment is also prognostic because it at¬ 
tempts to determine whether someone will be able 
to return to duty and what kind of productive ac¬ 
tivity the individual will be able to do. An added 
evaluation goal is to identify those services needed 
to overcome the functional disabilities that are bar¬ 
riers to successful performance. The specific pro¬ 
cess of vocational assessment, therefore, is mainly 
one of diagnosis and prediction that can be inte¬ 
grated into the counseling process and the contin¬ 
ued interaction between the hospital healthcare 
providers and the injured person. 

Before varied approaches are used for the voca¬ 
tional assessment of a particular injured soldier, sev¬ 
eral factors must be considered: the nature of physi¬ 
cal and emotional limitations, medication effects, 
educational experiences, physical tolerance, and the 
validity and reliability of the specific measures to 
be used during assessment. 

Nature of physical and emotional limitations. 
These limitations can include communication dif¬ 
ficulties, such as visual and hearing impairments, 
and motor and orthopedic problems. These possible 
limitations generate for the evaluator such ques¬ 
tions as 

• What is the extent of impaired manual ability? 

• Because of physical limitations, does the 
manner of recording answers have to be 
changed? For example, a client may have 
no use of either hand or, even with use of 
one hand, may have great difficulty in cor¬ 
rectly marking the answer space. Another 
person may be needed to record the an¬ 
swers to a specially designed answer sheet. 

• Do persons with visual impairment have 
enough vision to handle large objects, lo¬ 
cate test pieces in a work space, or follow 
the hand movements of the evaluator? 

• Are assessment measures selected that are 
appropriate to the individual's level of un¬ 
derstanding, particularly his or her reading 
ability? 

• Because someone with an injury that causes 


serious emotional and cognitive problems 
will usually have a short attention span, are 
evaluation measures selected that require 
shorter tasks? 

Medication effects. Specific medicines can ham¬ 
per the soldier's sustained response to assessment 
demands, and medications should be checked for 
their side effects and for their potential impact on 
performance. 

Educational experiences. Most servicemen and 
servicewomen enter the military with a high school 
diploma. It may have been many years between for¬ 
mal education or training and injury onset; none¬ 
theless, an exploration of any prior educational suc¬ 
cesses, such as grades or awards, as well as any 
specialized training can provide useful data for ca¬ 
reer planning. The introduction of specific assess¬ 
ment measures, especially in the areas of aptitude 
and achievement, may cause anxiety which, in turn, 
could definitely influence vocational assessment 
outcome. 

Physical tolerance. Though discussed earlier 
with physical limitations, an additional factor is the 
stamina of an individual as it relates to meeting 
prescribed time demands of many assessment mea¬ 
sures. A person may not have the endurance to com¬ 
plete specific paper-and-pencil tasks. Energy lev¬ 
els and, as already mentioned, tolerance levels, 
should be explored before assessment commences. 

The validity and reliability of the specific mea¬ 
sures to be used during assessment. The evaluator, 
when reading the manual of a particular assessment 
tool, should explore the normative sample used to 
develop the measure. If the particular measure is 
going to be used for predictive, decision-making 
purposes, the evaluator should consider what the 
manual states about the reliability and validity co¬ 
efficients. Many measures traditionally used in vo¬ 
cational assessment have not been normed on the 
population for which they are being used, for ex¬ 
ample, ethnic minority populations.'® 

All of these selection considerations imply that 
to achieve successful vocational assessment, the 
individual who is conducting the evaluation must 
work cooperatively with the other healthcare pro¬ 
fessionals. Information about medications and func¬ 
tional limitations, for example, may have to be pro¬ 
vided by a person associated with the individual's 
care, perhaps in a multidisciplinary team conference. 

Because vocational assessment is a comprehen¬ 
sive process that should explore a wide variety of 
the injured person's characteristics, such as career 
interests, personality functioning, living behaviors, 
and physical strengths, there are definite steps in 
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TABLE 15-2 

A COMPREHENSIVE ASSESSMENT APPROACH 


Steps 


Specific Approach 


1. Functional Assessment 

2. Interview Assessment 

3. Family Assessment 

4. Interest Assessment 

5. Transferable Skills Assessment 

6. Situational Assessment 


Selected measures (Barthel Index - Granger Adaptation; Functional Assessment 
Inventory) 

Selected questions 

Selected questions 

Selected questions and measures (Interest Checklist; SDS; Kuder; CAI; IDEAS) 

Selected questions and measures in adaptive/self-management, functional, 
and career content areas (career planning guide) 

Selection of specific in-hospital sites for supervision and assessment feedback 


CAI: Career Assessment Inventory; IDEAS: Interest Determination, Exploration, and Assessment System; SDS: Self-Directed Search 


the evaluation process that emphasize this multi¬ 
factorial approach. Career planning should not be 
based on the assessment of a single affribufe such 
as educafional or milifary service achievemenf. 
Ofher factors, such as family nefwork, adjusfmenf 
sfyle fo disabilify, or social relafionships can be in¬ 
cluded fo learn how an individual is going fo ad- 
jusf fo refurn fo dufy or fo a civilian job placemenf. 
This comprehensive approach is idenfified in Table 
15-2 and discussed below. 

Functional Assessment 

Decisions musf be made concerning whefher fhe 
injured person is physically ready fo refurn fo dufy, 
or whefher milifary discharge is more feasible. This 
assessmenf includes fhe affempf fo mafch a person's 
physical abilifies fo fhose required for refurn fo mili¬ 
fary responsibilifies. The funcfional assessmenf if- 
self is a series of fesf acfivifies designed fo measure 
an individual's exisfing capabilifies, limifafions, 
and goals. A dimension offen overlooked in fhe un- 
dersfanding of funcfional assessmenf is fhaf fhis 
specific evaluafion also involves fhe measuremenf 
of behavior. While funcfional assessmenf encom¬ 
passes a very large number of fechniques fhaf are 
impairmenf orienfed, such as fhe quanfifafive as¬ 
sessmenf of muscle sfrengfh, if can furfher include 
fhe measuremenf of behaviors fhaf are involved in 
essenfial aspecfs of everyday life, including personal 
care (hygiene, grooming, and feeding) and locomo- 
fion.^® These behaviors are collecfively known as 
acfivifies of daily living (ADL), and fhere are many 
ADL insfrumenfs reporfed in fhe liferafure of medi¬ 


cal rehabilifafion. Alexander and Fuhrer^® believe 
fhaf mosf available ADL insfrumenfs share five 
characferisfics: (1) fhey measure abilify rafher fhan 
acfual funcfioning; (2) fhey provide assessmenfs 
wifhin roughly fhe mid-range of fhe behavior spec- 
frum, for example, ranging from fhe defails of buf- 
foning and zipping clofhes fo eafing and ambulaf- 
ing; (3) fhe insfrumenfs are designed fo be admin- 
isfered and inferprefed by rehabilifafion profession¬ 
als employed in hospifal or insfifufional settings, 
such as an occupafional fherapisf, psychologisf, or 
rehabilifafion counselor; (4) fhe mefhod of assess¬ 
menf involves rafings made by an observer; and (5) 
mosf provide some numerical measure of depen¬ 
dence as an indicafion of fhe severify of disabilify. 

Imporfanfly, funcfional assessmenf is performed 
from an environmenfal perspecfive; namely, fhe ca¬ 
pabilifies or limifafions or bofh are evaluafed rel- 
evanf fo fhe demands placed on fhe individual's re¬ 
furn fo milifary dufy or fo an appropriafe placemenf 
in fhe civilian labor markef. Rafher fhan address¬ 
ing diagnosfic labels or individual fraifs, funcfional 
assessmenf in vocafional evaluafion examines fhe 
specific abilifies of fhe injured person or problems 
of daily funcfioning fhaf have direcf implicafions 
for refraining and evenfual refurn fo milifary dufy. 

Recommended measures for a funcfional assess¬ 
menf are (a) fhe Barthel Index-Granger Adaptations^ 
an index designed parficularly for persons wifh a 
physical disabilify, which includes 15 ifems fhaf 
focus on self-care, mobilify, and bladder and bowel 
confrol; and (b) fhe Functional Assessment Inventory, 
a measure fhaf includes eighf scales: cognifive func- 
fion, mofor funcfion, personalify and behavior, vo- 


852 





Vocational Rehabilitation and Community Reintegration of the Wounded Combatant 


cational qualifications, medical condition, vision, 
hearing, and economic disincentives. Developed by 
Crewe and Athelstan,'®it is useful for the beginning 
formulation of career plans. 

Interview Assessment 

After a functional assessment has been conducted 
by a member of the hospital staff, an in-depth, ca¬ 
reer-oriented interview with the injured person can 
be undertaken. This session can be the most valu¬ 
able component of the in-hospital vocational assess¬ 
ment, especially if the individual has severe physi¬ 
cal limitations that impede paper-and-pencil test¬ 
ing. The interview can provide insights into the 
person's understanding of the injury situation, in¬ 
terests, and expectations for a possible satisfying 
future. Information is frequently communicated 
during an interview that is often not provided from 
other assessment devices. Attitudes toward a pos¬ 
sible resumption of military duties, for example, 
may only be learned through the evaluator's ob¬ 
servations and insights gained during the interview. 

After introductions and communication to the in¬ 
dividual that the evaluator is eager to listen and re¬ 
spects the problems the injured person might have, 
the following areas should be explored: 

• Perception of the injury situation and its im¬ 
pact on the development of future plans. 

• Expectations the person has for vocational 
rehabilitation and posthospital discharge: 
What type of work do you see yourself do¬ 
ing 5 years from now? 

• Family history and the injured person's per¬ 
ceived expectations from family members 
for the individual's resumption of military 
responsibilities. 

• Educational history: subjects liked best and 
least; any particular achievements. 

• Military history: duties liked best and least; 
any particular achievements. 

• Any employment prior to military service: 
duties liked best and least. 

• Leisure-time activities. 

• Most difficult problems faced during mili¬ 
tary service: how were they handled? 

• Self-esteem: What do you do well? What do 
you like about yourself? What do you think 
you have learned from the injury experience? 

• Confidence level: How do you think things can 
be different for you? What can you do about 
it? Are you willing to take risks to make 
changes? 


As the individual responds to these questions, 
the interviewer should observe the person's mood 
and affect, association of ideas, any shifts in con¬ 
versations, and recurrent references. All of this in¬ 
formation may provide indicators of the injured 
person's energy, his true feelings about the injury 
situation, motivation, and expectations for future 
military service involvement. Apart from the obser¬ 
vations, however, answers to the questions identi¬ 
fied above provide knowledge about the individ¬ 
ual's emotional reactions to the injury, capacity, and 
confidence to face the problems associated with re¬ 
habilitation, and career interests. 

The interview experience should assist the in¬ 
jured person to gain an understanding of career op¬ 
tions and to appreciate his strengths for handling 
the injury situation. During this session, the inter¬ 
viewer does not simply ask questions and record 
information, he also provides verbal support. A 
skillful interviewer gives frequent "pats on the 
back" or reinforcement, never openly giving the 
appearance of cross-examining. Spontaneous com¬ 
ments by the interviewer further help to create a 
favorable climate for conversation. 

Family Assessment 

Soon after conducting the initial interview with 
the injured service person, an attempt should be 
made to have a brief visit with the person's avail¬ 
able family. Family members are often the missing 
pieces for appropriate adjustment to a sudden in¬ 
jury. Yet, the family can be an important resource 
for rehabilitation efforts, or represent a major ob¬ 
stacle to their successful achievement. If a spouse 
or parent of a military service member injured in 
battle is strongly convinced that the individual 
should not return to duty, but return to duty is 
medically feasible, then the injured person is faced 
with tremendous pressure when making a career 
decision. Also, as illustrated in the case of Special¬ 
ist Smith presented earlier in the chapter, a family 
member can engage in behaviors that actually may 
be deterrents to vocational rehabilitation. Often the 
family is not available, but when it is, the follow¬ 
ing areas can be explored during a family visit in 
the hospital: 

• What information does the family have 
about the injury condition? 

• What are the feelings and expectations of 
family members about the war injury and 
the career options for the family member? 

• Does the family have any specific needs re- 
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lated to the war injury of the injured fam¬ 
ily member? 

• Whaf will fhe family be like if fhe injured 
person is discharged from milifary service, 
and do family members perceive any spe¬ 
cific problems resulfing from fhe injured 
family member leaving fhe armed forces? 

Because of fhe briefness of fhe healfhcare 
provider's opporfunify fo meef wifh families, as- 
sessmenf informafion needs fo be obfained af only 
one meefing. To facilifafe fhe family's verbal expres¬ 
sion of imporfanf informafion, if is essenfial fo ex¬ 
ercise such basic communicafion skills as {a) affen- 
fiveness, {h) a nonjudgmenfal affifude, (c) using un- 
dersfandable words when falking wifh family mem¬ 
bers, and {d) phrasing inferprefafion fenfafively fo 
elicif genuine feedback from family members. The 
inferviewer should nof assume anyfhing and should 
ask only whaf he believes fhe family members can 
answer so fhaf fhe inferviewee feels compefenf and 
producfive.^® In ofher words, fhe inferviewer musf 
creafe a seffing during a family meefing in which 
people can, perhaps for fhe firsf fime, risk sharing 
fheir emofions and seek informafion abouf fheir 
concerns. Also, family needs and expecfafions may 
change as fhe injured individual confinues in fhe 
rehabilifafion process. The assessmenf areas iden- 
fified above can provide guidelines fo help fhe fam¬ 
ily be useful parfners fo fhe helping professional 
and fo fhe service member. 

Interest Assessment 

If fhere is a possibilify fhaf fhe injured person 
will nof refurn fo his former dufies, fhen fhe nexf 
sfep in fhe vocafional assessmenf process is explo- 
rafion of fhe individual's inferesfs. This can be con- 
ducfed using bofh informafion and formal 
approaches, wifh fhe laffer generally ufilized affer 
hospifal discharge when fhe person receives direcf 
assisfance from fhose responsible for career plan¬ 
ning. Yef, if an inferesf assessmenf is begun while 
fhe person is an in-hospifal pafienf, evaluafion feed¬ 
back can be a source of remofivafion as well as an 
inifial developmenf of career opfions. 

Various approaches for measuring inferesfs in¬ 
clude self-esfimafion, inferviews, checklisfs, ques- 
fionnaires, and fesfs (known as invenfories). The 
choice of assessmenf approach should be based on 
fhe kind of informafion fhe parficular approach pro¬ 
vides, and nof simply on availabilify, low cosf, or 
fime required for adminisfrafion. Prior fo beginning 
inferesf assessmenf, moreover, fhe helping profes¬ 


sional should recall any career inferesf-relafed in¬ 
formafion fhaf was disclosed during fhe injured 
person's inifial inferview. 

Brief inferesf explorafion approaches should usu¬ 
ally be employed in a hospifal seffing because fhey 
require less fime fhan more formal measures and 
can be scored quickly by fhe person recuperafing 
from injuries or by fhe professional helper. Ex¬ 
amples of fhese measures are fhe Interest Check Listf^ 
fhe Vocational Interest, Experience, and Skill Assess¬ 
menf, and fhe Gordon Occupational Checklist.^^ 
Though limifed in fheir scope of possible inferesf 
areas, fhese insfrumenfs can provide fhe individual 
wifh an early undersfanding of possible career in¬ 
feresf direcf ions. If, however, fhe service member 
has fhe physical and menfal capabilifies fo respond 
fo more defailed invenfories, fhen such inferesf fesfs 
as fhe Self-Directed Searchf^^the Strong Interest Inven¬ 
tory fhe Kuder Occupational Interest Survey 

(Form DD),^* and fhe Career Assessment Inventory- 
Enhanced Version (CAf),^® could also be used. These 
fools give varied career opfions and should be more 
useful for planning. If should be nofed fhaf fhe SII, 
Kuder DD, and CAI musf be compufer scored. 

There is sfill much work fo be done for design¬ 
ing more effecfive inferesf-assessmenf insfrumenfs 
for fhose undergoing in-hospifal rehabilifafion 
freafmenf. Buf even aparf from fhe difficulfies 
presenfed by exisfing inferesf invenfories, fhe in¬ 
ferview can sfill be employed effecfively fo solicif 
informafion abouf a person's inferesfs. An approach 
fhaf could be quife useful in a hospifal seffing, em¬ 
ploying an inferview sfrucfure, has been devised 
by Friel and Carkhuff.^® Their approach involves 
undersfanding fhe clienf's fofal funcfioning in 
physical, emofional, and infellecfual areas, and en¬ 
courages fhe person's parficipafion in inferesf ex¬ 
plorafion and rehabilifafion programming. Mosf of 
fhe sfeps are designed fo elicif fhe individual's 
fhoughfs and feelings abouf pasf and fufure career 
acfivifies. The six sfeps of fhe Friel and Carkhuff 
approach are presenfed here formaffed for applica- 
fion in a hospifal seffing. 

Step 1. Assisf fhe individual in exploring infer¬ 
esfs by asking such quesfions as. From fhe dufies 
fhaf you have had, whaf did you parficularly like 
or dislike? In fhose dufies, whaf do you feel you 
did especially well? From fhe people whom you 
know in your life, whaf jobs do fhey have fhaf are 
of parficular inferesf fo you? When you wafch fele- 
vision and see people doing various jobs, whaf jobs 
do fhey have fhaf are of parficular inferesf fo you? 
(If is imporfanf for fhe inferviewer fo undersfand 
fhe reasons behind an idenfified inferesf. Is if be- 
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cause of some external pressure, for example, what 
military superior, family members, or friends told 
the person he or she would like?) 

Step 2. Assist the individual in exploring his val¬ 
ues by asking such questions as. When you were 
performing your military duties, what do you feel 
was important to you? What is the reason that it 
was important to you? Was it important to work 
with your hands, for example, or to have close su¬ 
pervision; or to have the prestige associated with 
military service; or to know it was something you 
could do well? 

Step 3. Categorize the information that has been 
generated about the individual's values. Friel and 
CarkhutP*’suggest organizing these values into the 
physical, emotional/interpersonal, and intellectual 
areas. For example: 

• Physical: Dressing well in a military uni¬ 
form, being outdoors, and performing 
physical activities. 

• Emotional/interpersonal: Having security 
with the military: having your buddies 
close by when you were performing your 
duties. 

• Intellectual: Enjoying the opportunity to 
make decisions. 

Step 4. Further categorize the information into: 

• People occupations: Includes the areas of 
service, education, business (salesperson), 
and providing goods and services. 

• Things occupations: Includes technology 
(providing mechanical services, for ex¬ 
ample, mechanic or electronic technician), 
outdoors, and science. 

• Data occupations: Includes the areas of data 
entry and analysis, record keeping, and 
computation. 

Step 5. Help the individual identify which of the 
people, things, and data interest categories fits his 
values. For example, if the person indicates that job 
security is the most important career value, an in¬ 
terest area previously identified within Step 4 and 
that is in harmony with offering job security, could 
be discussed. 

Step 6. Identify the educational and occupational 
requirements demanded of particular career areas 
that are congruent with the individual's values. 

Interest assessment is an integral part of voca¬ 
tional assessment and suggests which alternative 
courses of action are potentially satisfying for the 


rehabilitant. Within the hospital much information 
about these interests can be gained from an effec¬ 
tive use of the interview. 

Transferable Skills Assessment 

With many battle injuries, it may take some time 
for a person's physical condition to stabilize and 
thus permit any predictive career assessment. But 
as the individual is drawing close to hospital dis¬ 
charge and a determination is being made about 
career directions, the person should participate in 
a transferable skills assessment. Even if the person 
is going to remain in the military service but have 
different responsibilities, this specific assessment 
can be especially valuable. If, however, the indi¬ 
vidual is going to be discharged from the military 
service because of his injuries, then an evaluation 
of transferable skills is all the more necessary. 

Transferable skills can be grouped into three cat¬ 
egories: adaptive/self-management skills; func¬ 
tional skills, and career content skills. Examples of 
each area are shown below. 

Adaptive/self-management skills. Personal man¬ 
agement in relation to authority, punctuality, dress, 
care of property, impulse control, dependability, ini¬ 
tiative, and resourcefulness. 

Functional skills. These comprise physical, in¬ 
tellectual, aptitude, and achievement skills the sol¬ 
dier has either as innate talent or acquired by spe¬ 
cific educational, vocation, or avocational special 
training. Such skills could include effectiveness in 
dealing with many kinds of people, for example, 
being "a natural salesperson," or possessing artis¬ 
tic talent. 

Career content skills. These skills focus on those 
abilities related to performing a job in a particular 
field, profession, or occupation, and usually are 
acquired through technical or specialized training 
prior to injury onset, whether in the military or a 
school before service entry. 

An exploration of these skills with the individual 
is an identification of the specific ways that intel¬ 
lectual and physical abilities can be used to perform 
specific career tasks. There are different inventories 
available that simply require the person to check 
those skills which he believes he has and can uti¬ 
lize for other military service or career goals. Two 
inventories are particularly useful: Operation Job 
Match^^ and Career Planning Guide Book 3.^® 

With the use of inventories, questions can be de¬ 
veloped for the interview that will provide infor¬ 
mation on the individual's perceived skills. Such 
questions are: 
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• What projects have you accomplished? 
What skills did they require? 

• Have your military accomplishments made 
you aware of special abilities? What are 
they? 

• What do other people recognize as your 
skills? 

• While in the military, have you taken on es¬ 
pecially difficult tasks, ones that others 
didn't want to do? Which ones? 

Implied in these questions is that all people have 
some form of excellence wifhin fhem fhaf will be 
expressed in experiences fhey feel fo be achieve- 
menfs or successes. Examinafion of fhese many ex¬ 
periences will reveal a pattern of skills fhaf are used 
repeafedly. For a more comprehensive undersfand- 
ing of an individual's skills, usually bofh verbal¬ 
ized quesfions and a written inventory should be 
used fogefher. Frequenfly, individuals will frivial- 
ize fheir experiences and accomplishmenfs during 
fhe inferview or fake fhem for granfed, buf a check- 
lisf or invenfory can acf as a sfimulus for informa- 
fion disclosure fhaf indicafes skill patterns and pri- 
orifies. When available, service records of assign- 
menfs and performance rafings should also be used 
as a source of informafion. 

Situational Assessment 

When an opporfunify is available wifhin fhe hos- 
pifal setting fo place fhe recuperafing person info a 
work locafion where one performs designafed fasks, 
fhe experience can provide valuable informafion 
abouf career-relafed behaviors. Sifuafional assess- 
menf is essenfially fhe observafion of people in 
work sifuafions, and is one of fhe mosf commonly 
used fechniques for vocafional evaluafion.'® This 
assessmenf emphasizes work behaviors fhaf are 
observed over a period of fime in an environmenf 
fhaf is as closely realisfic as possible fo acfual occu- 
pafional demands. This fype of evaluafion permifs 
fhe individual fo learn again fhe role of fhe worker, 
allows fhe evaluafor fo assess many more work be¬ 
haviors fhaf can be explored wifh sfandardized vo¬ 
cafional fesfing, and minimizes fhe fypical fesf-sifu- 
afion anxiefy. 

For sifuafional assessmenf fo be effecfive, an ap- 
propriafe, in-hospifal sife should be ufilized, ad- 
equafe supervision provided, and a means used fo 
gafher informafion fhaf, in furn, can be franslafed 
info rehabilifafion planning. Because fhe observa- 
fional approach is fhe basis of sifuafional assess¬ 
menf, fhese observafions musf be carefully planned 


and scheduled, and well-designed rafing and ob¬ 
servafion forms should be used. This demands fhaf 
fhe evaluafor undersfands fhe possibilifies for on- 
sife assessmenf wifhin fhe hospifal and idenfifies 
supervisors who can reliably complefe an observa¬ 
fion form. If fhese requiremenfs are mef, fhe infor¬ 
mafion gained from sifuafional assessmenf is added 
knowledge for fhe person recuperafing from inju¬ 
ries fo use in developing realisfic career opfions. 

The componenfs of an effecfive vocafional as¬ 
sessmenf program wifhin fhe hospifal are funcfional 
abilify, inferview, family, inferesf, fransferable skills, 
and sifuafional. The approaches represenfing fhe 
undersfanding of funcfional abilities, using an in¬ 
ferview, and obfaining family informafion can be 
implemenfed as early as possible after admission fo 
fhe hospifal, as can fhe process of obfaining fhe 
person's prior service record. Healfhcare relafed 
personnel available in fhe hospifal are usually ca¬ 
pable of conducting any of fhe six suggested assess¬ 
menf areas. Rehabilifafion counselors, occupational 
fherapisfs, and counseling psychologisfs have all re¬ 
ceived framing in assessmenf. Wifh additional prepa¬ 
ration in specific vocafional assessmenf mefhods, 
especially in fhe use of fransferable skills and sifu¬ 
afional observafion fechniques, fhey can perform 
an assessmenf fhaf generates useful informafion. 

Parficular medical problems, such as head and 
spinal cord injuries, as well as injuries resulting in 
ampufafions, will presenf unique problems for an 
evaluafor. The recovery period is considerably 
longer fhan fhaf demanded by ofher war injuries, 
and fhe associafed severe pain of fhese wounds can 
have a decided impacf on career planning. Because 
of fhe physical limifafions accruing from fhese in¬ 
juries, fhe inferview will mosf frequenfly be fhe 
mefhod of choice for vocafional assessmenf. The 
fiming for any career assessmenf is anofher consid- 
erafion. Reliable evaluafion resulfs will nof be 
gained unfil fhese condifions have medically sfabi- 
lized, and if is perceived by medical personnel fhaf 
fhere will nof be a drastic change in fhe individual's 
physical condition. Yef, fraumafic brain injuries 
(TBIs) and fheir residual effecfs may still suggesf 
an uncerfain physical, infellecfual, and emotional 
vocafional adjusfmenf for fhe individual. Inferesfs 
and fransferable skills can change during fhe course 
of recuperafion, and perhaps fhe mosf feasible in- 
hospifal assessmenf is a sifuafional evaluafion jusf 
before hospifal discharge, followed by a more real¬ 
isfic vocafional assessmenf during oufpafienf sfa- 
fus. Frequenfly, fhe evaluafions on persons wifh TBI 
cannof be conducfed unfil 18 fo 24 monfhs after in¬ 
jury onsef. 
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Another specific injury that offers particular as¬ 
sessment demands is a wound resulting in low back 
pain. This injury can bring persistent pain, even 
after intensive, medical treatment has ceased; and 
though the physical source of such pain may often 
not be identified, it is still real to the individual. All 
six assessment areas suggested in this chapter are 
applicable for the evaluation of the person with low 
back pain, with perhaps an added emphasis on 
functional and family assessment considerations. 
Persistent pain has a strong influence on personal¬ 
ity and behavior, and functional assessment may 
identify some of the negative manifested behaviors. 
Additional assessment measures, however, that ex¬ 
plore personality dynamics may have to be used. 
For this purpose the Minnesota Multiphasic Person¬ 
ality Inventory (MMPI-2)^® is especially valuable. 
Also, because the individual's pain can addition¬ 
ally impact the person's family and family mem¬ 
bers may perceive that they will have to live with 
someone who is attempting to cope with a trouble¬ 
some injury, family expectations and possible fam¬ 
ily disincentives should be explored. If family mem¬ 
bers believe that a return to duty or a particular 


career option may aggravate an existing injury, then 
they may thwart any career planning efforts.^” 

Following counseling and vocational assessment, 
plans are usually developed for an individual. In 
harmony with the importance of early intervention, 
career planning should be done before hospital dis¬ 
charge. Careful attention should be given to the de¬ 
velopment of these plans. Detailed career planning 
is a means of communicating that a career is fea¬ 
sible both to the individual recuperating from the 
war injury and to the one who will follow up on 
the person's rehabilitation after discharge. 

The individuaFs career plan is formulated after 
evaluation results are shared and feedback received 
on the person's perception and meaning of the as¬ 
sessment results. The evaluator gathers all the in¬ 
formation acquired from each of the six areas, or 
those areas that are utilized; assembles a career pro¬ 
file of the individual's strengths, needs, interests, 
and possible career-related obstacles; and explains 
this profile to the individual. Career goals are then 
identified, and a plan to reach these goals is devel¬ 
oped. The guidelines for a career plan are shown in 
the Figure 15-1. 


CAREER PLAN GUIDELINE 

1. Major aoal: 

2. Subaoals (steps needed to achieve major aoal): 

A. 

(Subaoal) 


Date of Imolementation: 


Date of Comoletion: 


Resource: 


Monitor: 

B. 

(Subaoal) 


Date of Imolementation: 


Date of Comoletion: 


Resource: 


Monitor: 

C. 

(Subaoal) 


Date of Imolementation: 


Date of Comoletion: 


Resource: 


Monitor: 




Fig. 15-1. An example of career plan guidelines. 
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POSTHOSPITAL PHASE 


Earlier in this chapter, the vocational rehabilita¬ 
tion process for war-injured service personnel was 
conceptualized as taking place in two phases. How¬ 
ever, it is difficult to view this process as really 
breaking down into two distinct periods. It has been 
emphasized that the vocational rehabilitation pro¬ 
cess should begin as early as possible after injury 
onset; and this process will continue after discharge 
from fhe hospifal, fhough differenf issues should 
receive affenfion. A few of fhese issues are fhe same 
whefher fhe individual is refurning fo milifary dufy 
or is enfering civilian life and preparing for civil¬ 
ian career placemen!. To be nofed is fhaf fhe De- 
parfmenf of Veferans Affairs (VA) is aware of fhe 
imporfance of a confinuify of vocafional services, 
and has developed fhe Transifion Assisfance Pro¬ 
gram fo respond fo fhis need. A fransifion assisfanf 
specialisf is now locafed in many service-relafed 
hospifals, and meefs wifh fhe recuperafing indi¬ 
vidual fo begin planning opfions for affer-milifary- 
service discharge. The program consisfs of voca¬ 
fional assessmenf and job search assisfance. Wifhin 
each area fhe individual receives informafion abouf 
vocafional capabilifies, wifh an emphasis on infer- 
esfs, fransferable skills, and work-relafed values. 
More defailed informafion abouf how fo conducf a 
job search, including fhe idenfificafion of pofenfially 
helpful communify resources is also provided. Ini- 
fial confacf wifh milifary service personnel is usu¬ 
ally made as fhe fime for hospifal discharge ap¬ 
proaches. 

There are four issues fhaf frequenfly need affen¬ 
fion affer fhe individual leaves fhe hospifal: (1) posf- 
fraumafic sfress disorder, (2) work hardening, (3) 
refurn-fo-dufy fransifion, and (4) fhe coordinafion 
of necessary services. Langley ef al^^ explain fhaf 
many persons mighf be viewed as coping effecfively 
wifh fheir posffraumafic sfress simply because fhey 
have few if any reporfed vocafional or job-relafed 
difficulfies. In realify, dufy or job performance may 
only serve as a defense againsf fhe nighfmares, in- 
frusive fhoughfs, and ofher sympfoms of posffrau¬ 
mafic sfress disorder. Over fime, fhis defense may 
become less effecfive as fhe pressures arising from 
fhe individual's illness confinue. Therefore, fhe 
need for professional assisfance emerges.^' Unfor- 
funafely, fhis illness may be exacerbafed by a wide 
variefy of causes, such as sociefal/communify/fam¬ 
ily disapproval of fhe specific war or conflicf, dis- 
appoinfmenf in a career, or guilf or shame over cir- 
cumsfances relafed fo fhe injury. Whafever fhe cause 
or fhe infensify of sympfoms, professional affenfion 


is needed fhaf addresses fhe unique problems and 
conveys bofh undersfanding of fhe individual's 
pain and defense mechanisms and useful insighfs 
info problem resolufion. The process of assessmenf 
is crifical in posffraumafic sfress disorder. The ini- 
fial assessmenf inferview conducfed affer hospifal 
discharge, when fhe soldier's sympfoms become ap- 
parenf, is fhe firsf seffing in which fhe real nafure 
of fhe frauma can be confided and fhe process of 
unburdening disfress can fake place. The presence 
of anofher person can play an imporfanf role in 
evoking hope and frusf; key facfors for fhe soldier 
when beginning fherapy for fhis life predicamenf 

Work hardening is anofher issue for many indi¬ 
viduals who may be complefing fhe recovery pro¬ 
cess, buf sfill are nof ready for fhe full resumpfion 
of milifary dufies or civilian career placemen!. A 
relafively recenf service in fhe vocafional rehabili- 
fafion process, work hardening emphasizes {a) work 
simulafion as a primary componenf, which includes 
exercise, aerobic condifioning, and educafion, and 
(b) a mulfidisciplinary approach (physical fherapy, 
occupafional fherapy, vocafional counseling, and 
psychology). When work hardening programs are 
available, if is more conducive fo a successful re- 
furn fo dufy, or fo an appropriafe civilian job place¬ 
men!, if fhe program is begun as early in fhe recov¬ 
ery period as possible, before fhe individual is 
discharged from fhe hospifal. There are several 
programs available in large, urban areas fhaf can 
respond fo fhe needs of fhe veferan. 

A fhird issue is specific fo fhe soldier refurning 
fo milifary dufy and comprises fhe nafure of fhe 
fransifion from in-hospifal freafmenf fo an oufpa- 
fienf sfafus and perhaps lighf dufy demands. Re¬ 
furning fo dufy may be a fime of personal crisis for 
many soldiers. A soldier may sfill harbor guilf and 
anxiefy over fhe circumsfances of an injury, and his 
expecfafions for a successful milifary career may be 
changing. These expecfafions may be reinforced by 
a spouse or ofher family members who are disap- 
poinfed in fhe resumpfion of a milifary career. Con- 
sequenfly, af fhe fime of hospifal discharge, fhe sol¬ 
dier should be given fhe opporfunify fo explore and 
fo disclose any feelings abouf refurning fo dufy, and 
arrangemenfs should be made, when necessary, for 
supporf in fhe individual's unif. Supporf can fake 
fhe forms of lisfening fo concerns, reinforcing feed¬ 
back relafed fo dufies performed, and indicafing 
fhaf professional help is available fo fhe soldier for 
emerging difficulfies. To encourage fhis supporf, 
communicafion is offen necessary befween fhe 
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medical staff and fhe person's milifary unif. Also, 
follow-up should be conducfed fo assess whefher 
fhe soldier is following a posfhospifal, freafmenf 
regimen. When fhe defails of fhe regimen were com- 
municafed af fhe fime of hospifal discharge, fhe 
soldier's anxiefy abouf refurning fo dufy may have 
inhibifed fhe undersfanding of imporfanf informa- 
fion.” 

The fourfh issue fhemafic fo bofh fhe individual 
refurning fo dufy, or fo fhe person leaving fhe mili¬ 
fary, is fhe coordinafion of necessary services. Vo- 
cafional assessmenf and counseling will offen re¬ 
veal many concerns fhaf will nof be resolved dur¬ 
ing in-hospifal recuperafion from an injury. Several 
emofional concerns, such as confinued feelings of 
anxiefy, fear, and loss; family maffers; and assisfance 
for career planning or job search all demand coor¬ 
dinafion so fhaf services can be delivered in a fimely, 
organized manner. This coordinafion should be ar¬ 
ranged by a designafed person af fhe fime of hos¬ 
pifal discharge, or very soon fhereaffer. 

Once if has been definifely decided, however, 
fhaf fhe individual is nof going fo refurn fo any 
milifary dufies buf will be discharged from fhe ser¬ 
vice, cerfain sfeps leading evenfually fo an appro- 
priafe career placemenf should be faken. These sfeps 
begin around fhe fime of fhe individual's deparfure 
from fhe hospifal and confinue unfil affer he leaves 
acfive milifary service. One of fhese sfeps includes 
confacfing a Veferans Benefif Counselor af fhe near- 
esf VA Regional Office. The veferan is eligible for 


This chapfer has explained a proposed process 
of vocafional rehabilifafion for fhe person injured 
during a milifary conflicf, who is recuperafing in a 
milifary hospifal. The emphasis during fhis process 
is on affenfion fo fhe emofional effecfs of fhe casu- 
alfy, counseling, and vocafional assessmenf. Impor¬ 
fanf for fhe success of fhe individual's refurn fo 
milifary dufies, or fo civilian placemenf following 
service discharge, is early, in-hospifal infervenfion. 
Resources have been made available by fhe mili¬ 
fary services fo assisf fhe person in making an ap- 
propriafe life adjusfmenf. If is suggesfed fhaf fhe 
exisfing career resources be implemenfed as soon 
as possible affer injury onsef. In some locafions, 
some of fhese resources for career developmenf may 
have fo be modified or creafed, buf fhe provision 
of fimely, comprehensive infervenfion is necessary 
fo fulfill fhe legal and moral obligafion fo fhose who 
have served. 

Equally imporfanf fo successful vocafional reha- 


fhe VA vocafional rehabilifafion program, which 
provides services and assisfance necessary for ser- 
vice-connecfed disabled veferans fo achieve maxi¬ 
mum independence in daily living and fo obfain 
and mainfain suifable employmenf. Vocafional re¬ 
habilifafion can include college, fechnical school, or 
on-fhe-job framing. Rehabilifafion services include 
assessmenf, counseling, fraining, subsisfence allow¬ 
ance, and employmenf assisfance. The VA will as¬ 
sisf in job placemenf; and while a veferan is enrolled 
in a vocafional rehabilifafion program, fhe VA pays 
fhe cosf of fuifion, fees, books, supplies, and equip- 
menf. The VA may also pay for special supporfive 
services, such as medical and denial care; prosfhefic 
devices; and lipreading, signing, and fraining for 
fhose who are hearing impaired. 

A veferan wifh ofher fhan a dishonorable mili¬ 
fary discharge is enfifled fo vocafional rehabilifa¬ 
fion benefifs if fhe VA defermines fhaf fhe veferan 
needs vocafional rehabilifafion fo overcome a medi¬ 
cal problem fhaf affecfs his abilify fo prepare for, 
obfain, or refain employmenf consisfenf wifh abili- 
fies, apfifudes, and inferesfs. The veferan's service- 
connecfed disabilify musf confribufe fo fhis employ¬ 
menf handicap. 

Eligible veferans who are disabled may receive 
rehabilifafion services for a designafed period of 
fime. Generally, fhe veferan musf complefe a reha¬ 
bilifafion program wifhin 12 years from fhe dale fhe 
VA nofifies him of enfiflemenf fo compensafion ben¬ 
efifs. 


bilifafion oufcome is fhe soldier's posifive mofiva- 
fion and emofional invesfmenf in fhe process. Here 
again, fhe sooner affer injury work begins wifh fhe 
soldier toward fhese goals, fhe easier and more ef- 
fecfive fheir affainmenf will be. 

Finally, fhe earlier fhaf fhe rehabilifanf's family, 
social supporf system, and evenfual career place¬ 
menf seffing (in or ouf of fhe milifary) can be 
broughf info fhe planning process, fhe easier fhe 
posfhospifal discharge fransifion will be. Our soci- 
efy has gone a long way toward defining fhe righfs 
of all cifizens wifh disabilifies, and fhose wifh ser- 
vice-connecfed disabilifies and fheir advocafes 
should become aware of and ensure compliance 
wifh fhese righfs. 

In final analysis, successful vocafional rehabili¬ 
fafion requires a mofivafed clienf and a facilifa- 
five environmenf. These are besf achieved by early 
infervenfion and carefully planned coordinafion 
of services. 
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INTRODUCTION 


When rehabilitation of a soldier is not completely 
successful after injury or illness, it may be neces¬ 
sary to consider separation or retirement for rea¬ 
sons of permanent medical disability. Historical 
data indicate that 10% to 15% of surviving combaf 
casualfies undergo disabilify separation.In addi¬ 
tion, separation or retirement due to permanent 
medical disability may be necessary for soldiers 
who are injured by fhe rigors of framing in prepa- 
rafion for combat, or as the result of accidenfs or 
illnesses. 

The disabled soldier must be remembered. He 
deserves and must receive acknowledgment of 
hardships endured and perils he has survived. His 
spirif is never hors de combat and fo casf him aside 


will ensure fhat few kindred spirifs will follow him 
info a life dedicafed fo fhe defense of his nafion. 
Since fhe beginning of milifary history, many rul¬ 
ers and governments have understood this prin¬ 
ciple. Historically, they either established pension 
systems or demanded that those who were respon¬ 
sible for furnishing froops also provided a sysfem 
of fair, equifable compensafion.® The army physi¬ 
cal disabilify sysfem has been esfablished fo com- 
pensafe soldiers who have injuries or disease fhaf 
have terminafed fheir milifary careers. The purpose 
of fhis chapfer is fo describe, firsf, how fhe Unifed 
Sfafes Army disabilify program is organized and 
performs ifs mandafed funcfions, and second, some 
of ifs more recent accomplishments. 


HISTORY 


Early Development 

Many ancient civilizations had compensation 
systems. The law of Ur-Nammu, King of Ur in 
Sumer circa 2050 BC, was believed fo be fhe firsf of 
such laws.® This law was closely followed by fhe 
code of Hammurabi.^ In 1592, fhe Brifish Parliamenf 
provided yearly pensions limifed fo £10 for privates 
and £20 for lieufenanfs. Pensions were for fhose 
who "have advenfured fheir lives and losf fheir 
limbs or disabled their bodies, to the end that they 
may reap the good fruit of fheir deserving, and ofh- 
ers may be encouraged fo perform like endeavors."® 
This is also an early example of soff-sell recruifing. 
Some 90 years lafer, England esfablished a stand¬ 
ing army and instituted a system of soldiers' homes 
fo care for superannuafed enlisfed men. Officers 
musfered out of fhe service were fo be carried af 
half pay sfafus and remain liable for service in fhe 
evenf of war. The British system provided the foun¬ 
dation for fhe milifary refiremenf sysfem of the 
United States of America.® 

The firsf nafional pension law in fhe Unifed 
Sfafes was enacfed by fhe Continenfal Congress on 
26 Augusf 1776,® just 7 weeks after the Declaration 
of Independence had been signed. It provided half 
pay for life for all ranks of disabled veferans. Be¬ 
cause many officers were nof able fo perform fheir 
dufies due fo old age and chronic illness, a law was 
enacfed in 1855 fhaf was inifially applicable only 
fo navy officers^® and which permiffed refiremenf 
affer 40 years of service upon applicafion fo fhe 
Presidenf. A similar law, applicable fo fhe army, was 


enacfed in 1861.^^ This same law allowed fhose of¬ 
ficers who became physically incapable of perform¬ 
ing dufy fo be placed on fhe Reserved Lisf. Retired 
pay was 75% of acfive dufy pay. In 1862, a law simi¬ 
lar fo fhe currenf law was enacfed^^; if applied fo 
bofh Army and Navy and provided pensions ac¬ 
cording fo rank for all who were fofally disabled. 
Parfially disabled soldiers received proporfionafe 
amounfs; widows; children under 16 years of age; 
dependent mothers; and orphaned, dependent sis¬ 
ters could receive total disability pension. 

20th Century 

Over the years, the pension laws were broadened 
to extend coverages, but the next major advance 
in military compensation would have to await 
the flood of disabled soldiers and sailors caused 
by World War 1 and World War 11. In 1928, affer 
World War 1, a law was enacfed fhaf applied fo all 
officers of World War 1.'® Soldiers who had more 
than 30% disability were placed on the Emergency 
Officers Refired Lisf af 75% of fhe acfive dufy pay 
fo which fhey were enfifled. Those wifh less fhan 
30% disabilify were also placed on an Emergency 
Officer Refired Lisf, buf wifhout pay. All were en- 
fitled fo other benefits and privileges of refired 
officers. 

The Veferans Bureau was esfablished in 1921.^^ 
Ifs fask was fo adminisfer benefifs for non-Regular 
Army officers. In 1939, fhis law, as if applied fo non- 
Regular Army officers, changed. If non-Regular 
Army officers were called fo acfive dufy in excess 
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of 30 days and suffered disabilify or deafh in fhe 
line of dufy, fhey were enfifled fo fhe same benefifs 
as Regular Army officers/® 

The law, however, was nof applicable fo enlisfed 
soldiers. This oversighf was correcfed in 1941 by 
legislafion affecfing Regular Army enlisfed soldiers 
wifh more fhan 20 years of service and wifh per- 
manenf disabilify.^® They became eligible for place- 
menf on fhe Disabilify Refired Lisf and were fo re¬ 
ceive 75% of fhe average of fheir lasf 6-monfh's pay 
jusf prior fo becoming disabled. 

When fhe Unifed Sfafes enfered World War II, no 
disabilify refiremenf law was in place fo cover fhe 
more fhan 10 million soldiers who would parfici- 
pafe in fhis greaf war. The Career Compensafion 
Acf of 1949,^^ specifically Tifle IV, provided a law 
uniformly applicable fo fhe fhree milifary services. 
This was lafer codified in Chapfer 61, Tifle 10, of 
fhe Unifed Sfafes Code (U.S.C.). If esfablished rules 
of enfiflemenf for members of fhe fhree services who 
were unfif for dufy because of a disabilify incurred 
while on dufy for more fhan 30 days, and a sepa- 
rafe sef of rules for fhose called fo acfive dufy for 
less fhan 30 days. This law provided benefifs for 
Regular and Reserve officers and enlisfed person¬ 
nel, if fhe disabilify was due fo injuries in fhe line 
of dufy (LOD). The Acf also provided severance pay 
fo soldiers whose disabilifies were nof of sufficienf 
degree fo qualify fhem for refiremenf buf did infer- 
rupf fheir careers. 

A new addifion provided fo fhe 1949 Acf^® al¬ 
lowed placemen! of fhe soldiers on fhe Temporary 
Disabilify Refired Lisf (TDRL). In fhe sfricfesf ap- 
plicafion of fhis provision only soldiers who had 
medical condifions fhaf mighf resolve and fhus per- 
mif a refurn fo acfive dufy were eligible fo be placed 
on fhe TDRL. In 1951, fhe law was inferprefed by 
fhe US Deparfmenf of Defense (DoD) fo include all 
soldiers whose medical condifions were unsfable 
regardless of whefher fhey mighf refurn fo acfive 
dufy.^® Sfabilify was defined as no change in rafing 


over a 5-year period. There is a 5-year limif for fime 
on fhe TDRL. Affer 5 years, or less if fhe soldier's 
condifion appears fo have sfabilized, final disposi- 
fion is fo be made. 

Under fhe Compensafion Acf,^® fhe secrefary of 
each service branch was responsible for implemenf- 
ing fhe disabilify compensafion process. Prior fo 
fhis, fhe Veferans Adminisfrafion had made fhe dis- 
posifion in cases of soldiers wifh disabling condi¬ 
fions. Inifially, fhe army process was implemenfed 
af fhe medical freafmenf facilifies (MTFs). Alleged 
inequifies in fhe sysfem led fo a review by fhe Sec¬ 
refary of fhe Army in 1965 and resulfed in fhe es- 
fablishmenf of fhe Unifed Sfafes Army Physical 
Disabilify Agency (USAPDA) fo implemenf fhe US 
Army's compensafion program. Implemenfafion 
was accomplished in accordance wifh Tifle 10, 
Unifed Sfafes Code, Secfions 61,133(b), 1201, 1203, 
1210, 1216(d) and 3010^®; as well as by fhe Deparf¬ 
menf of Defense (DoD) Direcfive 1332.18^^; and 
Army Regulafion (AR) 635-40."Separafion 
from fhe Milifary Service by Reason of Physical 
Disabilify," a revision of DoD Direcfive 1332.18^^ 
and addifions fo Army Regulafion 635-40,^^ have 
provided addifional policy guidance. The rafionale 
behind fhe laws esfablishing USAPDA are fo be 
found in fhe following quofafions: 

The mission of the army physical disability system is 
to 'provide a full and fair hearing to determine sol¬ 
diers physical fitness for continued military service, 
determine level and type of compensation, and take 
action to separate or retire soldiers when a career is 
interrupted by reason of physical disability.'^ 

Disability compensation is not an entitlement ac¬ 
quired by reason of service-incurred illness or in- 


The mere presence of an impairment does not, of 
itself, justify a finding of unfitness because of physi¬ 
cal disability. 


THE ARMY DISABILITY SYSTEM 


The army physical disability system depends on 
the function of two distinct entities: (a) the Medical 
Evaluation Board (MEB), which is transient and is 
called into being when and where it is needed, and 
(b) the Physical Evaluation Board (PEB), which has 
a permanent existence. The orientation and the or¬ 
ganizations of the MEB and the PEB together with 
the controlling hierarchy of the USAPDA differ. 
Although both boards evaluate a soldier's medical 
impairment, the MEB uses strictly medical stan¬ 


dards and the PEB uses military performance stan¬ 
dards (Figure 16-1). While the MEBs can be consti¬ 
tuted at any MTF, the USAPDA began with six re¬ 
gional PEBs and a Central Army Physical Review 
Council composed of four physicians; two lawyers; 
two personnel management officers (PMOs); a di¬ 
rector and a deputy director, with an administra¬ 
tive staff; and a Physical Disability Branch (PDB). 
Currently, due to the alteration in force structure 
(downsizing) of the army, the USAPDA has three 
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Fig. 16-1. The primary components of the Army Physical 
Disability System, the Medical Evaluation Board (MEB) 
and the Physical Evaluation Board (PEB), use different 
criteria to evaluate the potentially disabled soldier. The 
MEB uses medical standards, while the PEB uses the 
soldier's performance of his duties to determine fitness. 


Fig. 16-2. The organizational aspects of the Army Physi¬ 
cal Disability System. Note that the Medical Evaluation 
Boards (MEBs) report to the Physical Evaluation Boards 
(PEBs), with the Physical Evaluation Board Liaison Of¬ 
ficer playing the essential role as intermediary. The PEBs, 
but not the MEBs, are components of the US Army Physi¬ 
cal Disability Agency (USAPDA), which in turn, is part 
of Personnel Command (PERSCOM). The MEBs are part 
of the Medical Command (MEDCOM). At the highest 
level in the army, the Army Physical Disability Appeals 

Board (APDAB) exists to advise the Secretary of the Army AMC: Army Medical Center 

on the appropriate disposition for the small fraction of MTF: medical treatment facility 

cases that are not resolved at the USAPDA level. PEBLO: Physical Evaluation Board Liaison Officer 
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MTF: military treatment facility 
PEB: Physical Evaluation Board 

Fig. 16-3. There are four ways a soldier can enter the Army Physical Disability System: (1) physician, (2) Military 
Medical Retention Board (MMRB), (3) commanding officer, and (4) higher command. Once in the system, procedures 
are structured to give the soldier the correct evaluations. 


regional PEBs and a PDB. The USAPDAis presently 
located in Building 7 at Walter Reed Army Medical 
Center, Washington, DC. The PEBs are located at 
Walter Reed Army Medical Center, Washington, DC; 
Fort Sam Houston, San Antonio, Texas; and Fort 
Lewis, Washington. With continued restructuring 
of the army, this configuration is likely to change, 
but the basic relationships remain: a multitude of 
MEBs are forwarded fo a limifed number of PEBs 
(Figure 16-2). Finally, USAPDA wifh ifs PEBs, buf 
nof fhe MEBs, is parf of fhe Tofal Army Personnel 
Command (PERSCOM). 

Bofh of fhese boards are proponenfs for fhe sol¬ 
dier. If should be nofed fhaf if is an informal cus¬ 
tom fo refer fo nof only fhe physical enfifies of fhe 
MEB and fhe PEB, buf fo fheir deliberafions and fo 
fhe producfs of fheir deliberafions, as "boards." 
Thus, fhe physical enfify of, say, fhe MEB is fhe sife 
of a MEB, which produces a MEB. 

There are four ways a soldier can enfer fhe army 
physical disabilify system (Figure 16-3): (1) The phy¬ 
sician caring for fhe soldier may refer a soldier af¬ 
ter determining fhaf fhe soldier does nof meef medi¬ 
cal refenfion sfandards. Refenfion sfandards are 
fhose guidelines puf forfh in AR 40-501.^^*'*’^' These 
are medical condifions fhaf may preclude refenfion 
in fhe army. (2) Soldiers who have a Permanenf 3 
or Permanenf 4 profile are required fo appear be¬ 
fore fhe Milifary Occupafional Specialfy-Milifary 
Medical Refenfion Board (MOS/MMRB), which 
may recommend fhaf fhe soldier enfer fhe army 


physical disabilify sysfem. (3) A commanding of¬ 
ficer may requesf fhrough fhe medical commander, 
fhaf a soldier undergo a fifness-tor-dufy evaluafion. 
(4) Enfry is direcfed by higher command (eg, fhe 
Secrefary of fhe Army or his designee requesfs a 
fifness-tor-dufy evaluafion of fhe soldier). Approxi- 
mafely 85% fo 90% of fhe MEBs are physician direcfed 
and 8% fol0% are MMRB direcfed. Soldiers may nof 
direcf fhaf a MEB be convened on fheir behalf. 

Medical Evaluation Board 

Soldiers, in the performance of fheir dufies, may 
incur injuries wifh residuals fhaf prevenf fhem from 
adequafely meefing refenfion sfandards.An 
injury may be an acufe injury, chronic residuals of 
injury or illness, or chronic and recurring illness or 
injury fhaf is repeafedly exacerbafed by fhe nafure 
of fhe soldier's dufies. Diseases may also be acufe 
and debilifafing (eg, a myocardial infarcfion) or 
chronic and recurring (eg, asfhma, arfhrifis, or diabe¬ 
tes). The soldier is freafed af a milifary hospifal for 
fhe acufe episode, affer which a period of convales- 
cenf leave may be granfed. During fhis convales- 
cenf period fhe soldier is sfill considered a pafienf 
of fhe hospifal and musf refurn fo fhe hospifal on a 
periodic basis fo be evaluafed by a physician. The 
physician determines if he can refurn fo full duly, 
parfial or resfricfed duly, or should undergo an 
MEB. The soldier who can refurn fo dufy wifh re- 
sfricfions, is given a physical profile. The physical 
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profile is a written communication between the 
soldier's physician and his commander that ex¬ 
plains the soldier's medical condition and how the 
condition might affect duty performance. 

Unfortunately, the physician all too often writes 
the physical profile in such a way that it remains 
unclear as to exactly what the soldier is or is not 
allowed to do when he returns to duty. The result¬ 
ant miscommunication leads to inappropriate re¬ 
strictions on the soldier. Conversely, sometimes the 
profile fails to reach the commander and demands 
are placed on the soldier that may be detrimental. 
Currently, these problems are being reassessed. A 
profile is either temporary, to be reevaluated at a 
given date, or permanent, to remain with the sol¬ 
dier for the rest of his career unless altered by the 
MTF profiling officer and an appropriate profile 
board according to AR 40-501.^^*'''^* 

In some cases, the soldier may not meet reten¬ 
tion standards. If this decision is based on the ob¬ 
served outcome of a disease or an injury, an MEB 
must be convened. Once the physician and the sol¬ 
dier have agreed that an MEB should be conducted, 
the Physical Evaluation Board Liaison Officer 
(PEBLO) of the hospital is contacted. The PEBLO 
will counsel the soldier and the physician on MEB 
procedures and monitor the process, the product of 
which is the MEB Narrative Summary (NARSUM) 
(Figure 16-4). 

According to AR 40-400“‘"“'P“> and AR 635-40,"" 
MEBs can be established at any MTF and are con¬ 
vened to document a service member's medical sta¬ 
tus, to review possible duty limitations, and to deter¬ 
mine whether a soldier meets medical retention stan¬ 
dards. They do not determine fitness or unfitness for 
military service. The MEB is made up of two or more 
physician members. One of these must be a senior 
medical officer with detailed knowledge of (a) di¬ 
rectives pertaining to standards of medical fitness 
and medical disposition of soldiers, and (b) disabil¬ 
ity separation processing and the Veterans Admin¬ 
istration Schedule for Rating Disabilities (VASRD). 

Where dental or psychiatric conditions are of 
major importance, a dental officer and/or a psy¬ 
chiatrist must be a member of that MEB. Where 
mental competence is in question, the MEB will 
consist of at least three members, one of whom is a 
psychiatrist. The completed evaluation, the MEB 
NARSUM, is referred to the approving authority, 
which may be the hospital commander, but is most 
likely to be the Deputy Commander for Clinical 
Services, who will review the board's findings for 
completeness, accuracy, and logic. It has been sug¬ 
gested that the MEB NARSUM have a standardized 


DCCS: Deputy Commander 
for Clinical Services 
MEB NARSUM: Medical 
Evaluation Board 
Narrative Summary 
PEBLO: Physical Evaluation 
Board Liaison Officer 

Fig. 16-4. To determine if a soldier meets medical reten¬ 
tion standards, the Medical Evaluation Board is made 
up of appropriate medical personnel. 


format for easier review. It is the responsibility of 
the referring physician to prepare the medical docu¬ 
mentation that is to be presented to the MEB. A sug¬ 
gested format follows. 

MEB Narrative Summary 

Military History 

The physician opens the MEB NARSUM with a 
statement indicating why the review is being done, 
that is, it is physician directed, MMRB directed, or 
appropriate command authority directed. This is 
followed by information on the administrative sta¬ 
tus of the soldier (ie, active duty, reserve compo¬ 
nent, or National Guard), which establishes eligi¬ 
bility for board proceeding. This information and 
the soldier's pertinent military history will have 
been supplied to the physician by the PEBLO. In¬ 
cluded here should be data concerning the soldier's 
current status, such as mandatory retirement, se¬ 
lective early retirement, bars to reenlistment, and 
any pending administrative actions. 

If the soldier's medical condition is the result of 
injury or alleged injury, an LOD investigation re¬ 
port must be included, indicating whether the in¬ 
jury was incurred in the LOD or was due to the 
soldier's misconduct, willful neglect, or both and 
not in LOD. 
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It is imperative that this determination be made 
early. It in no way implies that the soldier will not 
receive medical care, but the lack of a LOD deter¬ 
mination can delay processing and finalizing of fhe 
soldier's case. If is besf fo prepare fhe LOD invesfi- 
gafion reporf early while facfs are sfill clear in 
everyone's mind. 

Soldier's Chief Complaint and History of Present 
Illness 

Following fhe milifary hisfory, fhe soldier's chief 
complainf is recorded in his own words. A defail- 
ed hisfory of fhe presenf illness elaborafing fhe chief 
complainf is nexf. If fhe illness is chronic, docu- 
menfafion of fhe chronological sequence is im- 
porfanf fo ascerfain how fhe medical condifion has 
affecfed fhe soldier, how milifary service has af- 
fecfed fhe condifion, and whaf fhe impacf has been 
on dufy performance. A soldier who has had 
a chronic knee problem all his milifary career buf 
has been able fo do his dufy up fo refiremenf may 
be viewed differenfly fhan a soldier who has 
an acufe knee injury requiring operafive inferven- 
fion. If is incumbenf on fhe physician fo documenf 
how a soldier's medical condifion affecfs his dufy 
performance. 

Past Medical History 

Affer compiling a concise chronological hisfory 
of fhe presenf illness, an equally concise perfinenf 
pasf medical hisfory is imporfanf. Any illnesses fhaf 
were presenf prior fo service enfry are nofed. Of 
major imporfance would be any prior hospifaliza- 
fions and operafions. A good source for fhis infor- 
mafion is fhe Inducfion Medical Form (Reporf of 
Medical Hisfory, Sfandard Form 93) shown in Fig¬ 
ure 16-5. The pasf medical hisfory is vifal in many 
disease processes, especially when fhe soldier may 
have a psychiafric illness. The relevanf family and 
social hisfories are also included in fhe pasf medi¬ 
cal hisfory. 

Current Physical Examination 

Affer fhe perfinenf hisfory, a complefe physical 
examinafion is recorded. The examinafion should 
nof be only qualifafive as relafed fo fhe soldier's 
chief complainf, buf should also be quanfifafive 
whenever possible. A qualifafive finding sfudy is a 
subjecfive fype of finding, which does nof have sup- 
porf ofher fhan fhe physician's observafion. A quan¬ 
fifafive finding sfudy confains nof only fhe 


physician's opinion buf also facfual dafa (measure- 
menfs) fo supporf fhe opinion. Quanfifafive find¬ 
ings carry a greafer weighf in fhe final decision as 
opposed fo qualifafive findings. Perfinenf consul- 
fafive evaluafions are obfained when necessary. 
These may be used in fhe physical examinafion or 
as addenda fo fhe MEB NARSUM. 

Quanfifafive evaluafions of various sysfems in¬ 
clude: (a) pulmonary funcfion sfudies for respira¬ 
tory disease or fhoracic surgery cases, (b) sfress fesfs 
and angiogram sfudies in cardiology cases, (c) early 
and lafe neuropsychiafric fesfing in head frauma 
cases, and (d) elecfromyographic and/or nerve con- 
ducfion sfudies in cases involving neurology, neu¬ 
rosurgery, and physical medicine. In addifion, care¬ 
ful physical examinafion wifh supporfing radio¬ 
graphs (plain films, compufed tomography [CT], 
magnefic resonance imaging [MRI] sfudies) and 
muscle and nerve conducfion sfudies are incorpo- 
rafed info fhe overall assessmenf. If is mandatory 
in orfhopedic cases fhaf range-of-mofion sfudies be 
recorded if joinf involvemenf is a facfor. If one of 
paired exfremifies is uninjured, fhis presenfs an 
excellenf sfandard for comparison fo fhe injured 
exfremify for range-of-mofion and funcfion. 

The physician, having obfained a fhorough his¬ 
fory of all relevanf aspecfs of fhe pafienf's milifary 
experience and medical complainfs, and a physical 
examinafion, fhen records laboratory dafa fo sup¬ 
porf fhe diagnoses. In addifion fo fhe general sfud¬ 
ies obfained, special sfudies such as fhose men- 
fioned above may be included here. 

Soldier's Assignment 

The soldier may or may nof have been hospifal- 
ized for fhe board process. If he was hospifalized, a 
chronology of fhe hospifal course should be enfered. 
If he was nof hospifalized, he may be assigned back 
fo his parenf unif or fo fhe MTF's medical holding 
unif. All hospifalized, acfive-dufy, uniformed pa- 
fienfs wifhin an MTF's geographical region are af- 
fached fo fhe medical holding unif (each inpafienf 
MTF musf have such a unif^®*''^^'P'’^*); fhis informa- 
fion abouf fhe soldier's assignmenf should be in¬ 
cluded as parf of fhe MEB NARSUM. The soldier's 
dufies and how well fhe dufies were performed 
while he was assigned fo his parenf unif or fhe MTF 
medical holding unif are also nofed. 

When fhe pafienf complefes fhe hospifal course, 
fhe physician records fhe soldier's currenf sfafus 
and prognosis for recovery or parfial recovery from 
fhe medical condifion. A cardiac pafienf recom¬ 
mended for a frial of dufy should have fhis recom- 
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Fig. 16-5. The Induction Medical Form, (Report of Medical History, Standard Form 93), which is a good source for 
obtaining information on the soldier's medical problems prior to his entering the army. 
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Fig 16- 5. continued 
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mendation recorded in the hospital records. If the 
soldier was placed on convalescent leave, his progress 
during this leave should be documented.AR 
600-8-10 defines convalescenf leave as a period of 
time, not chargeable to regular leave, given the sol¬ 
dier to recuperate, or convalesce due to injury or 
illness. Up to 2 weeks of convalescenf leave may be 
granfed by fhe unif commander. In mosf insfances, 
however, fhe durafion of leave is recommended by 
fhe soldier's physician. The soldier's physician may 
requesf up to 30 days of leave. Leave in excess of 30 
days musf be approved by fhe hospifal commander 
or his represenfafive. The soldier on convalescenf 
leave is sfill considered a pafienf of fhaf MTF. 

Medical Diagnoses and Conclusions 

All medical diagnoses should be lisfed, begin¬ 
ning wifh fhe mosf crifical. If possible fhese should 
be correlafed wifh fhe VASRD as closely as possible. 
If fhe disease is nof presenf in fhe VASRD, currenf 
medical diagnoses should be used. The physician 
fhen records conclusions as an ending fo the MEB 
NARSUM. Conclusions should state whether the 
soldier meets retention standards according to AR 
40-501 chapter 3 and cite the appropriate paragraph. 
Using paragraph 41e does not provide adequate 
information for fhe PEB and is used only when fhe 
physician does nof have an accepted medical con¬ 
dition to cite. AR 40-501 chapter 3 paragraph 41e 
refers fo "miscellaneous condifions and defecfs: (1) 
condifions fhaf resulf in inferference wifh safisfac- 
tory performance of dufy as subsfanfiafed by fhe 
individual's commander or supervisor; (2) the 
individual's health or well being would be compro¬ 
mised if he were fo remain on acfive dufy; (3) in 
view of fhe soldier's medical condifion, his refen- 
fion in fhe milifary service would prejudice fhe besf 
inferesf of fhe Governmenf." 

Review of MEB NARSUM 

The affending physician, having compefed and 
reviewed fhe MEB NARSUM, signs if and meefs 
wifh a senior medical officer for review and signa- 
fure. As menfioned previously, if fhe board has been 
convened to review psychiatric impairment or men¬ 
tal competency, an additional physician—a psychia¬ 
trist—is required at this meeting to review, agree, 
and sign the MEB NARSUM prior to forwarding if 
to the approving authority. If denfal impairmenfs 
exisf which preclude refenfion on acfive dufy, a den¬ 
fal officer musf sign fhe MEB NARSUM. Once fhe 
approving aufhorify has signed the MEB NARSUM, 


the soldier is then counseled by the PEBLO regard¬ 
ing the board's results. The soldier has the options 
of agreeing wifh fhe board's resulfs or disagreeing. 
If he does nof agree, fhe soldier musf submif within 
3 working days the reason for his disagreemenf. 
This writfen sfafemenf is reviewed by fhe approv¬ 
ing aufhorify and fhe MEB NARSUM is eifher (a) 
refurned fo fhe physician for compliance wifh fhe 
soldier's requesf, (b) forwarded fo fhe PEB with the 
disagreement statement noted by the approving 
authority, or (c) forwarded fo fhe commander for 
review. If fhe commander is fhe approving aufhor¬ 
ify, fhe MEB NARSUM may be forwarded fo fhe 
nexf higher command for resolufion. 

The Physical Evaluation Board 

The soldier, thus having completed the first ma¬ 
jor step in the army physical disability system, will 
have been (a) found fo meef medical refenfion sfan- 
dards and refurned fo dufy wifh profile as war- 
ranfed, or (b) forwarded to the PEB through the 
PEBLO, because retention standards were not met. 
Soldiers who do not meet retention standards are 
not necessarily unfit.A fit or unfit determina¬ 
tion is made by the PEB. It is important for fhe medi¬ 
cal officer fo undersfand fhaf medical impairmenf 
is not necessarily synonymous with, or the cause 
of, physical disabilify. No fwo soldiers are idenfi- 
cal and no fwo cases presenfed to the army physi¬ 
cal disability system are the same. In cases of grave 
medical condifions, objecfive medical evidence is 
sought and is weighted more strongly in the evalu¬ 
ation done by the PEB. In cases of chronic, long- 
ferm medical condifions, more weighf is given fo 
subjecfive complainfs, performance, and adminis- 
frafive dafa when defermining whefher a soldier is 
fif or unfit (Exhibit 16-1). 

The PEB differs from fhe MEB in many aspecfs 
buf primarily in fhe basis of ifs findings. A MEB 
defermines if a soldier meefs medical refenfion sfan- 
dards according to AR 40-501, chapter 3. The PEB 
determines whether a soldier is fit or unfit, taking 
into consideration the medical findings of fhe MEB, 
in conjuncfion wifh fhe soldier's office, grade, rank, 
rafing, and performance as recorded by his com¬ 
mander on enlisfed/officer evaluafion reporfs and 
personnel sfafemenfs of work performance. The 
PEB is composed of fwo line officers and a physi¬ 
cian, whereas fhe MEB is composed of physicians. 
Legal counsel provided fo fhe soldier is indepen- 
denf of fhe PEB. 

Soldiers are referred fo fhe PEB fhrough fhe 
PEBLO. The PEBLO is fhe linchpin in fhe army 
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EXHIBIT 16-1 


PHYSICAL EVALUATION BOARD: 
WEIGHING THE EVIDENCE 

Objective vs 

Acute vs 

Medical vs 

Subjective 

Chronic / Long-term 

Performance 

Administrative 

Acute or Grave 

Chronic / Long-term 

Medical data generally 
More important 

Performance 

Administrative 


physical disability system—the point of contact for 
fhe MEB, fhe soldier, and fhe PEB. The PEBLO coun¬ 
sels fhe soldier regarding fhe resulfs of fhe MEB 
NARSUM, assembles all perfinenf records, and for¬ 
wards fhe MEB NARSUM wifh appropriafe records 
(fhe MEB packef) fo fhe PEB in fhe mosf expedi- 
fious manner available. In fhe army, fhe PEBLO 
is appoinfed by and works for fhe MTF Com¬ 
mander. The dufies of fhe PEBLO are sef forfh in 
AR 635-40. 

The PEB Process 

In fhe following discussion of fhe PEB process, a 
fypical uncomplicafed acfive dufy soldier will be 
presenfed. Various alfernafive considerafions will 
be presenfed lafer. Af every sfep of fhe process fhe 
soldier is afforded due process and a full and fair 
hearing. The PEB is a proponenf for fhe soldier as 
well as fhe governmenf. 

Affer if has been signed by fhe approving aufhor- 
ify and fhe soldier, fhe MEB packef (fhe MEB 
NARSUM, perfinenf records, and performance dafa) 
is senf from fhe PEBLO fo fhe PEB. On receipf, if is 
logged in by a case analysf and rechecked fo ensure 
fhaf all necessary paperwork is presenf and in or¬ 
der. The case fhen undergoes an informal review 
fhaf resulfs in a finding of fif or unfif (Figure 16-6). 

If defermined fo be fif, fhe soldier is refurned fo 
dufy. If defermined fo be unfif, a disabilify percenf- 
age is assigned fo fhe soldier on fhe basis of fhe 
VASRD. Because fhe VASRD was originally wrif- 
fen in 1946, if does nof include many currenf medi¬ 
cal diagnoses, a problem fhaf is presenfly being 
correcfed by fhe preparafion of a revised and more 
up-fo-dafe version. When a diagnosis in fhe MEB 


MEB: Medical Evaluation Board 
PDB: Physical Disability Board 
PEB: Physical Evaluation Board 

Fig. 16-6. The soldier can agree or disagree with the in¬ 
formal board determination of fitness. If he agrees, the 
board is sent to the Physical Disability Board (PDB) for 
administrative implementation. If he disagrees, a formal 
Physical Evaluation Board (PEB) is convened. 

NARSUM is not in the VASRD, the PEB must select 
a closely related listed illness and rate the soldier 
accordingly. This process is known as "rating by anal¬ 
ogy" (Table 16-1 contains some examples of analogous 
rafings). The physician, by using fhe VASRD, af¬ 
fords fhe PEB fhe besf chance of reaching fhe righf 
rafing regarding fhe soldier's illness. Examples of 
disabilify rafings are shown in Table 16-2. 

Disabilify equafes fo economic loss, for which fhe 
individual is compensafed. Ideally, fhe compensa- 
fion should reflecf fhe average loss of fhe soldier's 
earning capacify as a civilian. However, fhe army 
compensafes fhe soldier for only fhe medical con- 
difion or condifions fhaf make him unfif for mili- 
fary dufy. The Veferans Adminisfrafion compen¬ 
safes fhe soldier for all service-connecfed medical 
condifions fhaf would have an impacf on civilian 
employmenf. This is fhe basis for fhe percenfage 
rafings confained in fhe VASRD. If fhe disabilify 
rafing is less fhan 30%, fhe soldier is separafed wifh 
severance pay. If fhe disabilify rafing is greafer fhan 
30% and fhe disease process is sfable, permanenf 
disabilify refiremenf is awarded. 

The informal review can also come fo fhe con¬ 
clusion fhaf fhe disease process is nof sfabilized fo 
fhe poinf where permanenf disposifion can be 
made. Accordingly, fhe soldier may be placed on 
fhe TDRL. The requiremenfs for placemenf on fhe 
TDRL are fhe same as for permanenf refiremenf for 
medical disabilify. The soldier musf be unfif, musf 
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TABLE 16-1 

ANALOGOUS RATINGS* 


Illness 

VASRD Code 

Analogous Illness 

Rhabdomyolysis 

5099-5021 

Myositis 

A-C Separation 

5299-5003 

Arthritis (pain) 

Carpal, Bone Injury 

5299-5212 

Impairment of radius 

Anterior Compartment Syndrome 

5299-5312-8723 

Muscle injury/Deep peroneal nerve 

Pilonidal Cyst 

7899-7806 

Eczema 

Thoracic Outlet Syndrome 

8599-8513 

All radicular nerve 

Tension Headaches, Psychogenic 

9499-9423 

Undifferentiated somatoform disorder 

Hypercoagulable States 

Rate residuals 

7199-7120-7121 

Varicose veins/Phlebitis 

Ileostomy/ Colostomy 

7399-7330 

Intestinal fistula 

Hematological Malignancies 

7799-7700 

Anemia, pernicious 

Stroke 

9399-9300 

Organic mental disorder plus residuals 

Hemiplegia 

8599-8520 

Sciatic nerve 


8513 

All radicular groups, one side 

Paraplegia 

8599-8520 

Sciatic nerve, bilateral factor 

Quadriplegia 

8599-8520 

Sciatic nerve 


8513 

All radicular groups, bilateral factor 


VASRD: Veterans Administration Schedule for Rating Disabilities 
Consult Army Regulation 635-40, Appendix B for ofher guidance 


have a disability rating of at least 30%, or must have 
at least 20 years of service and be eligible for refire- 
menf. The medical condifion must be temporary or 
unstable. A soldier who is determined to be fit will 
not be placed on the TDRL. By law a soldier may 
not remain on TDRL for more fhan 5 years. Termi- 
nafion of TDRL stafus may occur af any time prior 
to the 5-year maximum. At the end of 5 years, one 
of fhe following deferminafions must be made. The 
soldier is (1) retired permanently, (2) separated with 
severance pay, or (3) found fif. TDRL pay and en- 
tiflemenfs aufomatically stop affer 5 years unless 
fhe case had been finalized by one of fhe fhree prior 
findings, or variafions fhereof. 

When fhe soldier is informed of fhe PEB's find¬ 
ings by fhe PEBLO, he has 10 days fo agree or fo 
disagree with the informal findings. If fhe soldier 
agrees and is fif, he is refurned fo dufy. If he agrees 
and is found unfit, he is processed for separafion 
or refiremenf. The informal board resolves abouf 
75% of fhe PEB's cases. If fhe soldier disagrees wifh 


the findings of fhe informal board, he may requesf 
(1) a formal hearing wifh or wifhouf a personal ap¬ 
pearance or (2) waiver of a formal hearing wifh or 
wifhouf a wriften rebuffal. The soldier may requesf 
represenfafion by appoinfed milifary legal counsel 
or by civilian counsel at his own expense. An ap¬ 
pointed military lawyer representing a soldier does 
so with the best interest of fhe soldier foremosf. A 
soldier who is found fif cannof requesf a formal 
board buf may file a wriften rebuttal. 

A formal board is convened when (a) fhe soldier 
or next of kin/guardian requesfs a formal board or 
(b) fhe PEB president decides it is in the best inter¬ 
est of fhe soldier and fhe army.^^*‘''’'‘'‘*^^‘‘'P^®* 

Alfhough a formal board has fhe same composi- 
fion as an informal board, fhe specific members may 
differ (Figure 16-7). The presidenf of fhe PEB will 
esfablish fhe dafe, fime, and place of the hearing, 
providing the soldier with a minimum of 
3 working days in which fo prepare his/her 
case.^^*‘'''^'‘*^^‘** The PEB will notify fhe soldier of fhe 
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TABLE 16-2 

VETERANS ADMINISTRATION SCHEDULE EOR RATING DISABILITIES (VASRD) 


Code 

Medical Impairment and Rating 

% 

5292 

Spine, limitation of motion of, lumbar: 



Severe 

40 


Moderate 

20 


Slight 

10 

5293 

Intervertebral disc syndrome: 

Pronounced; with persistent symptoms compatible with sciatic neuropathy with 
characteristic pain and demonstrable muscle spasm, absent ankle jerk, or other 



neurological findings appropriate to side to diseased disc, little intermittent relief 

60 


Severe; recurring attacks, with intermittent relief 

40 


Moderate; recurring attacks 

20 


Mild; recurring attacks 

10 


Postoperative, cured 

0 

5294 

Sacroiliac injury and weakness 


5295 

Lumbosacral strain: 

Severe; with listing of whole spine to opposite side, positive Goldthwaite's sign, 
marked limitation of forward bending in standing position, loss of lateral motion 
with osteoarthritic changes, or narrowing or irregularity of joint space, on some 



of the above with abnormal mobility on forced motion 

With muscle spasm on extreme forward bending, loss of lateral spine motion; 

40 


unilateral, in standing position 

20 


With characteristic pain on motion 

10 


With slight subjective symptoms only 

0 


Adapted with permission from Jonathan Publishing, Austin Texas. © 1994. 


scheduled hearing, notify board members and sup¬ 
port staff, arrange for attendance of all military 
witnesses or obtain depositions, ensure that the 
soldier's records are furnished to medical witnesses 
for review before the hearing, and present available 
witnesses and evidence to the board.At the 
formal board the soldier has legal representation, 
(military, civilian) or self-representation. The ap¬ 
pointed military counsel will remain at the hearing 
and act as co-counsel unless excused by the 
soldier.The duties of the counsel are to safe¬ 
guard the legal rights of the soldier, prepare the 
soldier's case for presentation to the board, request 
that the PEB arrange for witnesses or depositions, 
examine and cross-examine witnesses, and submit 
oral and written arguments. The soldier has the 
right to testify as a witness under oath but also has 
the right to remain silent. 

The proceedings of the PEB are administrative 
and not judicial in nature; therefore, the board is 
not bound by rules of evidence prescribed for trials 


by courts-martial or for court proceedings in 

The usual formal board begins with the three- 
member board seated in the hearing room. The sol¬ 
dier, with counsel, reports to the president of the 
PEB. The president convenes the board and asks the 
soldier if there has been adequate time for the 
preparation his case. 

Following an affirmative reply, the recorder an¬ 
nounces the names and ranks of the board mem¬ 
bers. At this point the soldier may present any chal¬ 
lenges as to board membership and composition. If 
the soldier challenges a member of the board, and 
the challenge is upheld by the president of the PEB, 
that member is excused and replaced by another 
member who is qualified to sit on the board. If there 
are no challenges, the president will inquire of the 
members of the board if they have reviewed the 
records of the case and whether counsel has any 
new documentary evidence to present. Having re¬ 
viewed the new evidence, the president will ask the 
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NG: National Guard 

PDB: Physical Disability Branch 

USAPDA: United States Army Physical Disability Agency 

Fig. 16-7. The structure of the formal Physical Evalua¬ 
tion Board (PEB) hearing process. 

soldier again if he has had adequate time to pre¬ 
pare for the case and if elected counsel is still the 
soldier's choice. If the response is affirmative, coun¬ 
sel will be asked to present the case. The soldier 
and any witnesses may be sworn in after initial pre¬ 
sentation by counsel or they may elect not to be 
sworn. Following the swearing in the board members 
may question the soldier and witnesses. The counsel 
then presents a summation. Following summation 
the hearing is closed for deliberation. The meeting 
is then reopened, the findings and recommenda¬ 
tions are presented to the soldier, and the hearing 
is closed. Following the hearing, counsel discusses 
the findings with the soldier. The soldier is given a 
copy of the findings and may elect to make a selec¬ 
tion at that time or take up to 10 days to submit a 
formal rebuttal. On request, counsel will assist in 
the rebuttal. A formal rebuttal must be based on 

1. the decision of the PEB was based on fraud, 
collusion, or mistake of law; 

2. the soldier did not receive a full or fair 
hearing; and/or 

3. substantial new evidence has been ob¬ 
tained that could not be presented prior to 
disposition by the 

The evidence on which the rebuttal is based must 
accompany the rebuttal. Having received a timely 


rebuttal, the PEB will normally respond within 3 
days. The PEB can inform the soldier that (a) the 
rebuttal has been received and has not influenced 
the outcome of the case but that it will be reviewed 
by the USAPDA, or (b) the PEB has determined that 
the new information may influence the case. If the 
latter is true, a formal reconsideration is under¬ 
taken, the case is recalled, and the soldier is in¬ 
formed of the outcome of the reconsideration. The 
soldier has the right to rebut the new findings. The 
case, along with any rebuttal, will be reviewed by 
the USAPDA. 

The decision options of the formal board are the 
same as those previously mentioned for the infor¬ 
mal board (fit; unfit separated with severence pay 
[SWSP]; permanent retired [TDRL]). In addition to 
these most frequently arrived at findings, there are 
less frequent findings that either the informal or 
formal board might render. 

Soldiers may have medical conditions that ex¬ 
isted prior to entry on active These 

may present a decided risk to the soldier and to the 
army. In such cases, if the condition is detected 
within 6 months of initial entry, and it has been 
determined that there has been no permanent ser¬ 
vice aggravation, the soldier may be discharged as 
personnel who did not meet procurement medical 
fitness standards.In these cases, accession 
standards,^^**^^* rather than retention standards, 
will be applied. 

In a similar manner, a soldier with a preexisting 
disease, usually congenital or hereditary, may be 
found unfit and separated without benefits (SWOB) 
if the progression of the disease process is well 
documented in medical literature and the condition 
was not permanently service aggravated above and 
beyond natural progression. 

Certain presumptions apply to the physical dis¬ 
ability evaluation.A soldier is presumed to 
be of sound physical and mental health except for 
conditions, other than congenital or hereditary, that 
were noted on the induction physical examination. 
Any disease or injury discovered subsequently, not 
due to the soldier's intentional misconduct or will¬ 
ful neglect, is presumed to be service incurred or 
service aggravated, unless the preponderance of 
evidence (not merely personal opinion, speculation, 
or conjuncture) demonstrates otherwise. If a soldier 
is being processed for separation or retirement for 
reasons other than physical disability, continued 
performance of duty commensurate with office, 
rank, grade, or rating up until the soldier is to be 
separated or retired, creates a presumption of fit¬ 
ness. This presumption may be overcome if the 
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medical condition actually rendered the soldier 
unable to adequately perform duties of office, rank, 
grade, or rafing, or if an acufe, grave illness oc¬ 
curred immediafely prior fo or coincidenf wifh 
separafion or refiremenf.^^*'^^''^*’’ 

In cerfain insfances where injury occurred due 
fo fhe soldier's own misconducf or willful neglecf 
(ie, nof in LOD), fhe soldier is nof eligible for 
benefifs.^^^'^*'^'^^^®* Thus, if is imporfanf fhaf an LOD 
invesfigafion reporf accompany fhe MEB packef 
when if is submiffed fo fhe PEB. Delay in submis¬ 
sion of fhe LOD invesfigafion reporf may be fhe 
single mosf imporfanf factor in delaying fhe pro¬ 
cessing of boards. 

In cases of Army Reserve soldiers who are on 
confinuous acfive duly for more fhan 30 days, fhe 
same rules apply as fhose for acfive dufy soldiers. 
For Reserve soldiers who are on acfive dufy less 
fhan 30 days, proximafe result must be shown. That 
is, causal relationship must be established between 
the disability and the required military duty. An 
LOD determination must be accomplished for fhose 
cases. Regulafions regarding Reserve Componenf 
soldiers are confained in AR 40-50and AR 
635-40""‘‘^“'P®> 

If fhe PEB finds a soldier unfif, fhe percenfage of 
disabilify defermines whefher fhe soldier is sepa- 
rafed wifh severance pay; permanenfly refired; or, 
if fhe condifion is unsfable, femporarily refired. 
However, fhe PEB may find thaf alfhough fhe sol¬ 
dier is unfif, he should be separafed wifhouf ben- 
efifs because (a) of LOD findings; (b) of exisfence of 
disease prior fo service fhaf was nof permanenfly 
service aggravafed; or (c) proximafe cause was nof 
esfablished. The soldier has fhe righf fo agree or 
disagree wifh fhe findings. All disagreemenfs are 
forwarded to USAPDA for review (Figure 16-8). 

Review by the USAPDA 

In addition to cases in which the soldier disagrees 
with the findings of fhe PEB, fhe USAPDA reviews 
cases (a) of all general officers and medical corps 
officers, (b) in which a vofing member of fhe PEB 
submifs a minorify reporf, (c) fhaf have previously 
been forwarded fo fhe USAPDA and fhaf were re- 
furned fo fhe PEB for reconsiderafion, (d) des- 
ignafed by fhe Commanding General, (e) of sol¬ 
diers assigned fo fhe Disabilify Sysfem (PEB or 
USAPDA), (/) of special inferesf, and (g) selecfed 
for qualify review. 

The USAPDA review is confined fo fhe case 
records, proceedings, and relafed evidence. Over- 
sighf responsibilify lies with the USAPDA to ensure 


that (a) the soldier received a full and fair hearing; 
(b) the proceedings of fhe MEB and PEB were con- 
ducfed according fo governing regulafions; (c) the 
findings and recommendafions of fhe MEB and PEB 
were jusf, equifable, consisfenf wifh facfs, and in 
keeping wifh provisions of law and regulafions; (d) 
due considerafion was given fo rebuffals submif¬ 
fed fo fhe PEB; and (e) records of fhe case are accu¬ 
rate and complete. 

A case analyst logs in each case on receipt at the 
USAPDA and distributes it to the agency physician, 
who reviews the case for medical complefeness and 
agrees or disagrees with the PEB findings. If fhe 
physician agrees, fhe case is forwarded fo fhe Per¬ 
sonnel Managemenf Officer (PMO); if fhe physician, 
however, disagrees, he prepares a proposed Modi- 
ficafion (MOD) fo the findings and calls fhe PEB fo 
discuss fhe case wifh fhe PEB physician. This dis¬ 
cussion is annofafed, and if fhere is no mifigafing 
evidence for fhe findings by fhe PEB, fhe proposed 
MOD is forwarded fo fhe PMO. 

The PMO reviews fhe case wifh special empha¬ 
sis on how fhe medical condifion relafes fo the 
soldier's assigned duties, office, rank, evaluafion 
reporfs, and commander's sfafemenf of perfor¬ 
mance. Personnel records are again screened fo en¬ 
sure fhaf adminisfrafive or judicial acfions have nof 
been faken by fhe soldier's unif or fhe Deparfmenf 
of fhe Army. Reserve and Nafional Guard cases are 
reviewed to ensure that they are eligible for disabil¬ 
ify processing. The PMO is usually a Reserve or 
Nafional Guard member. 

If fhe PMO defermines fhaf fhere is a discrep¬ 
ancy on any of fhese issues, a MOD may be gener- 
afed by fhe PMO. The PMO also reviews any MOD 
generafed by fhe physician and agrees or disagrees 
wifh fhe MOD. If fhere is disagreemenf, fhe PMO 
discusses fhe case wifh fhe physician and consen¬ 
sus is reached. The case is fhen reviewed by fhe 
Operafions, Evaluations, and Analysis Officer 
(OEA). The OEA reviews all cases previously lisfed 
plus any MODs, and prepares fhe cases for signing 
by fhe Depufy Commander. All cases wifh pofen- 
fial legal ramificafions are reviewed by USAPDA 
legal counsel. 

Final Outcome of the Review by USAPDA 

Any case in which USAPDA agrees with the PEB 
is forwarded fo fhe PDB for fhe issuance of orders. 
Any case wifh a MOD is refurned fo fhe PEB for 
informafion. The soldier is informed of fhaf MOD 
by fhe USAPDA. The soldier may submif a wriffen 
rebuffal if he disagrees wifh fhe MOD; if he does. 
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MEB: Medical Evaluation Board 
MOD: modification 
PDB: Physical Disability Branch 
PEB: Physical Evaluation Board 


Fig. 16-8. The overall structure of the complete US Army physical disability process. 


the case is again reviewed with the rebuttal. 
USAPDA informs the soldier whether the rebuttal 
was upheld (agreed with) and the findings changed, 
or whefher fhe findings were unchanged. If fhe re- 
butfal is not upheld, the case is forwarded fo fhe 
Army Physical Disabilify Appeals Board (APDAB) 
for review. APDAB is one of fhree independenf 
boards of review fhaf advise fhe Secrefary of fhe 


Army; if is not part of USAPDA. If APDAB agrees 
with USAPDA, the case is finalized and fhe soldier 
is eifher discharged, separafed, or refurned fo dufy. 
If APDAB disagrees, fhe case is reviewed again by 
the USAPDA and the appropriate action taken as 
recommended by APDAB. 

In summary, the USAPDA may (a) agree with the 
findings of fhe PEB; (b) refurn fhe case fo fhe PEB 
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TABLE 16-3 

KEY STATUTORY PROVISIONS OE THE CAREER COMPENSATION ACT OE 1949, U.S.C. 63 STAT. 
802 AS AMENDED 10 U.S.C. 1201 ET SEQ 


Disposition 

LOD 

Entitled To Basic Pay 

* 

Proximate Result 

Severity 
> 30% 

Severity 
< 30% 

Permanent Disability Retired List 

Yes 

Yes 

Yes 

Yes* 

No 

Temporary Disability Retired List* 

Yes 

Yes 

Yes 

Yes* 

No 

Separate With Severance Pay 

Yes 

Yes 

Yes 

NA 

Yes 

Separate Without Benefits 

No 

No 

No 

NA 

NA 


LOD: line of duty 

Reserve component soldiers who have served 30 days or less on active duty 
^If otherwise retirement eligible, any percentage 
*5-year limit by law 


for reconsideration when case records indicate that 
such reconsideration is in the best interest of the 
soldier and the government; or (c) issue revised 
findings, that is, modify the disposition or rating 
of the soldier. In such cases, a detailed explanation 
will accompany the change. The final appeal deter¬ 
mination that USAPDA can grant is referral of the 
case to APDAB. 

When findings are revised, USAPDA will (a) fur¬ 
nish the soldier a copy of the revised findings with 
information copies to the PEBLO and the soldier's 
counsel; (b) advise the soldier he has 10 days to ac¬ 
cept or rebut the revision in writing; or (c) if the 
soldier has not had a formal hearing, return the case 
to the PEB, recommending a formal hearing. 

If the soldier agrees with the revision, it will be 
approved for the Secretary of the Army and for¬ 
warded to the PDB for orders. If the soldier dis¬ 
agrees with the review and submits a statement of 
rebuttal, and if consideration of the rebuttal does 
not result in any change, a letter will be forwarded 
to the soldier indicating that no change was made 
and the case will then be forwarded to APDAB for 
review. This review will be the final review and the 
recommendation by APDAB will be returned to the 
USAPDA who, after making the recommended 
changes, will forward the case to the Total Army 
PERSCOM for final disposition. PERSCOM makes 
final disposition of the cases based on the final de¬ 
cision of USAPDA or APDAB. Orders vary with the 
final outcome of the case: (a) permanent retirement 
for physical disability (10 U.S.C. 1201 or 1204); (b) 
placement on the TDRL (10 U.S.C. 1202 or 1205); (c) 
separate for physical disability with severance pay 
(10 U.S.C. 1202 or 1206); (d) separate for physical 
disability without severance pay (sections 630, 


1162(a), 1165, or 1169, Title 10 United States Code; 
(e) transfer of soldier who had 20 qualifying years 
in the reserve to inactive reserve on soldier's request 
(10 U.S.C. 1209); (/) release from active duty and 
return to retired status for retired soldier serving 
on active duty who was found to be physically un¬ 
fit; or (g) return to duty of soldiers found fit. This 
process is summarized in Table 16-3. If the soldier 
still does not agree with the disposition, he may pe¬ 
tition the Army Board for Correction of Military 
Records requesting review and change when he is 
no longer in the military. 

Statistics Illustrating the Eunction of the Army 
Physical Disability System 

The following statistical data are presented to il¬ 
lustrate the volume and variety of dispositions 
made by the army physical disability system. The 
overall workload of the USAPDA since 1987 has 
been relatively constant except for the peaks in the 
years 1991 and 1992 that reflect the effect of the 
army mobilization during the Persian Gulf War 
(Figure 16-9). During the period FY 1987 through 
FY 1997, on average, about 88% of the new cases 
were active duty soldiers and 12% reserve com¬ 
ponent. During the first half of this period there 
were four PEBs (the Georgia PEB closed in 1993). 
The partition of the caseload among the three ex¬ 
isting PEBs was relatively similar during FY 1994 
through FY 1997: Walter Reed Army Medical Cen¬ 
ter processed 35% of the cases. Fort Sam Houston 
36%, and Fort Lewis the other 29% (Table 16-4). It 
should be noted that at this time, there is not an 
exact parallel configuration between the largest 15 
MTFs and the three PEBs (Table 16-5). 
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TABLE 16-4 

PHYSICAL EVALUATION BOARDS CASE DISTRIBUTION: TOTAL CASES RECEIVED 


Fiscal Year 

Walter Reed Army Medical Center 
Washington, DC 

Fort Gordon 

* 

Georgia 

Fort Sam Houston 
Texas 

Fort Lewis 
Washington 

1989 

2,536 

2,150 

2,592 

2,567 

1990 

2,592 

2,725 

3,258 

2,732 

1991 

3,348 

2,876 

3,578 

2,896 

1992 

2,540 

3,373 

3,776 

2,933 

1993 

1,986 

1,458 

1,761 

1,388 

1994 

2,562 


2,774 

2,266 

1995 

2,542 


2,582 

2,249 

1996 

2,979 


2,601 

2,408 

1997 

2,660 


3,296 

2,164 

TOTALS 

23,745 

12,582 

26,218 

21,603 


Georgia Physical Evaluation Board closed in 1993 
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Fig. 16-9. US Army physical disability system, overall 
work load completed for fiscal years 1987 through 1997. 


TABLE 16-5 

TOP 15 POSTS SENDING CASES TO THE DC, 
TEXAS, AND WASHINGTON PEBs 
(Total Combined Cases Sent: 5,066) 


MTF Cases PEB Processing Cases 


Walter Reed AMC 618 

Fort Campbell 432 

Fort Hood 411 

Fort Knox 387 

Fort Sam Houston 340 
Fort Gordon 340 

Fort Bragg 338 

Tripler AMC 309 

Fort Benning 300 

Fort Stewart 292 

Madigan AMC 289 

Fort Leonard Wood 280 
Fort Polk 252 

Fort Carson 247 

Fitzsimons AMC 231 


WRAMC, Washington, DC 
Fort Sam Houston, Texas 
Fort Sam Houston, Texas 
Fort Sam Houston, Texas 
Fort Sam Houston, Texas 
Fort Sam Houston, Texas 
WRAMC, Washington, DC 
Fort Lewis, Washington 
Fort Sam Houston, Texas 
Fort Sam Houston, Texas 
Fort Lewis, Washington 
Fort Lewis, Washington 
Fort Lewis, Washington 
Fort Lewis, Washington 
Fort Lewis, Washington 


AMC: Army Medical Center 
MTF: Medical Treatment Facility 
PEB: Physical Evaluation Board 
WRAMC: Walter Reed Army Medical Center 
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TABLE 16-6 

MOST FREQUENTLY USED VASRD CODES 


VASRD 

Cases 

Total Cases 

% 

5003 

Arthritis (degenerative) 

11.9 

5295 

Back (physical) 

8.3 

5257 

Knee 

6.0 

5293 

Back (neurologic) 

2.9 

5010 

Arthritis (traumatic) 

2.3 

6351 

HIV 

2.2 

9208 

Bipolar Disorder 

2.2 

9207 

Major Depression 

2.2 

8045 

Brain Disease 

1.5 

6602 

Asthma 

1.4 

5255 

Femur 

1.3 

5024 

Tenosynovitis 

1.2 

9210 

Psychosis 

1.2 

9304 

Dementia 

1.2 

5276 

Flat Feet 

1.2 


HIV: human immunodeficiency virus 

VASRD: Veterans Administration Schedule for Rating Disabilities 


Soldiers entering the army physical disability 
program are found to have a large variety of medi¬ 
cal condifions, with most occurring with low fre¬ 
quency. The 15 mosf common medical condifions 
coded by fhe VASRD accounf for only 47% of fhe 
fofal number of cases (Table 16-6). These codes will 
change because of recenf policy changes; many of 
fhe 5003 codes for arfhrifis are being moved to the 
exact anatomical location, most commonly 5295 
(back) or 5257 (knee). In addition, all human im¬ 
munodeficiency virus (HIV) cases are being coded 
as 6351. Prior to 1991, codes 6351, 6352, and 6353 
were all used for HIV. 

The disposifion oufcomes of cases by PEBs fall 
info five cafegories: (1) separafion with severance 
pay, (2) placement on the temporary disability re¬ 
tired list, (3) permanently retired, (4) separated 
without benefits, and (5) found fif. When all dispo- 
sifions are considered for fhe period FY 1987 
fhrough FY 1997, fhe mosf common oufcome was 
separafion wifh severance pay (51%) (Figure 16-10). 
Almosf one-fiffh of cases saw no award of money 
because mosf soldiers in fhis cafegory were eifher 
found fif or separafed wifhouf benefifs. The dispo¬ 
sifion for enlisfed men is shown in Figure 16-11; fhe 



Fig. 16-10. Total Physical Evaluation Board case disposi¬ 
tions for fiscal years 1987 through 1997, by outcome 
(108,200). 



Fig. 16-11. Total Physical Evaluation Board case disposi¬ 
tions of enlisted personnel for fiscal years 1987 through 
1997, by outcome (99,544). 
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TDRL: Temporary Disability Retired List 



Fig. 16-12. Total Physical Evaluation Board case disposi¬ 
tions of officers for fiscal years 1987 through 1997, by 
outcome (8,656). 


Fig. 16-13. Total Physical Evaluation Board Regular Army 
case dispositions for fiscal years 1987 through 1997, by 
outcome (95,216). 


disposition for officers is shown in Figure 16-12. 
Compared fo enlisfed personnel, officers were more 
fhan fwice as likely eifher fo be found fif or fo be 
permanenfly refired. Conversely, if was uncommon 
for officers fo be separafed wifh severance pay. In con¬ 
sidering fhese dafa if should be borne in mind fhaf 
fhe officers were older and were more likely fo have 
mulfiple diagnoses fhaf were of a chronic nafure. En¬ 
lisfed soldiers had more acufe injury residuals and 
were younger, usually being healfhy ofherwise. If 
is fo be expecfed fhaf fhe increased number of di¬ 
agnoses and fhe increased severify of fhe disease in 
officers resulfed in a higher overall disabilify rafing 
reflecfed in fhe higher percenfage permanenfly retired. 

Af any given fime, members of fhe Tofal Army 
consisf of fhree componenfs: Acfive Army, fhe Army 
Nafional Guard (ANG), and fhe Army Reserve 
(USAR). The Acfive Army, fhe principle source of 
cases for fhe army physical disabilify sysfem, con¬ 
sisf s of fhe Regular Army, soldiers of fhe Nafional 
Guard on acfive dufy, and acfivafed members of fhe 
Reserve. The PEB disposifion of Regular Army and 
Acfive Guard Reserve (AGR) soldiers on acfive dufy 
mighf be expecfed fo differ from soldiers who have 
been femporarily acfivafed (Figures 16-13, 16-14, 
and 16-15). Regular Army and AGR soldiers have a 
similar disfribufion of disposifions, buf compared 
fo femporarily acfivafed soldiers seen by fhe PEBs, 
have a much lower probabilify of being found fif 



TDRL: Temporary Disability Retired List 


Fig. 16-14. Total Physical Evaluation Board Army Na¬ 
tional Guard case dispositions for fiscal years 1987 
through 1997, by outcome (5,410). 
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Fig. 16-15. Total Physical Evaluation Board Army Reserve 
case dispositions for fiscal years 1987 through 1997, by 
outcome (7,574). 

or being placed on the TDRL. Conversely, Reserve 
and National Guard soldiers on temporary active 
duty are less likely to be separated with severance 
pay. One way of interpreting the finding is fhaf a 

THE US NAVY AND AIR F 

The following is a brief review of fhe US Navy 
and Air Force disabilify sysfems and a comparison 
of disabilify disposifions for fhe fhree services for 
FY 1997 (Table 16-7). There is no separafe marine 
disabilify sysfem; fhe navy disabilify sysfem is also 
responsible for fhe marines. 

US Navy 

The naval disabilify sysfem is a componenf of fhe 
Naval Council of Personnel Boards and is direcfly 
under fhe Assisfanf Secrefary of the Navy for Man¬ 
power and Reserve Affairs. The navy has one in¬ 
formal PEB and fwo formal PEBs. The formal boards 
are locafed in San Diego, California, and af fhe Na- 
fional Naval Medical Cenfer, in Befhesda, Mary¬ 
land. Alfhough differenf individuals sif on fhe in¬ 
formal and formal boards, each of the boards is com¬ 
posed of one navy line officer, one marine line of¬ 
ficer, and one navy physician. 

In FY 1997 fhe navy processed 10,196 cases; 1,057 
(10%) sailors and marines were found fif; and 9,139 


larger percenfage of acfivafed Nafional Guard and 
Reserve componenf soldiers are being found fif be¬ 
cause fhese soldiers wanfed fo be found fif, a con¬ 
clusion supporfed by fheir performance dafa, in¬ 
cluding fheir commanders' sfafemenfs and evalua- 
fion reporfs. Analysis of fhe increased percenfage 
of SWOBs for fhe Reserve Componenf indicafed a 
direcf correlafion wifh the proximate result findings 
(ie, a direcf resulf of performing milifary dufy). In 
fhe majorify of fhese cases fhe medical impairmenf 
was nof fhe direcf resulf of performance of milifary 
dufy. The PEB is a performance based sysfem and 
fhe Commander knows besf how his soldiers can 
perform assigned fasks. 

Benefifs paid by the USAPDS for FY 1987 fhrough 
1989 averaged $477 million per fiscal year. This 
amounf has been fairly consfanf year by year ex- 
cepf for FY 1990 fhrough FY 1992, which reflecfs 
fhe Persian Gulf War years. Dafa for FY 1997 indi¬ 
cafe fhaf $344.5 million was paid ouf in benefifs; 
76% wenf fo soldiers who were permanenfly refired; 
18.8% wenf fo soldiers who were separafed wifh 
severance pay; and 5% of fhe money wenf fo sol¬ 
diers who were placed on fhe TDRL, even fhough 
20% of fofal disposifions in FY 1987 fhrough FY 1997 
were TDRL. Thus, if was more cosf-effecfive from 
fhe governmenf's sfandpoinf to place soldiers on 
TDRL rather than to permanently retire them when 
their disease/condition first manifests itself. 

CE DISABILITY SYSTEMS 


TABLE 16-7 

TRISERVICE COMPARISON STATISTICS FY 1997 


Element 

Air Force 

Army 

Navy 

Total New Cases 

4,045 

8,038 

10,196 

Fit 

1,776 

1,162 

1,057 

Unfit 

2,269 

6,876 

9,139 

SWSP 

867 

4,109 

5,258 

PERM 

648 

850 

1,071 

TDRL 

655 

1,584 

2,045 

SWOB 

99 

333 

765 


PERM: Permanent Disability Retired List 
SWOB: separated without benefits 
SWSP: separated with severance pay 
TDRL: Temporary Disability Retired List 
Old TDRL cases not counted 
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(90%) were found unfit. Of the unfit sailors and 
marines, 5,258 (58%) were separated with severance 
pay; 1,071 (12%) were permanently retired; 2,045 
(22%) were placed on the TDRL; and 765 (8%) were 
separated without benefits. 

US Air Force 

The Air Force disability system has one informal 
board and one formal board. Both of these boards 
are part of the Air Force Personnel Center located 
at Randolph Air Force Base, Texas. The Informal 
Board is composed of two air force physicians and 
one air force line officer; the Formal Board has two 
air force line officers and one air force physician. 
The members sitting on the informal and formal 
boards are not the same individuals. In FY 1997 the 
air force processed 4,045 airmen, of whom 1,776 
(44%) were found fit and 2,269 (56%) were found 
unfit. Of those airmen found unfit, 867 (38%) were 
separated with severance pay; 648 (29%) were 
permanently retired; 655 (29%) were placed on the 
TDRL; and 99 (4%) were separated without benefits. 


The United States Army Physical Disability Sys¬ 
tem is a segment of the army unknown to the ma¬ 
jority of soldiers—those who have never had sig¬ 
nificant medical conditions. But to that minority 
whose military careers have been terminated by 
medical conditions, it becomes an advocate for tran¬ 
sition of the disabled soldier into civilian life. The 
disability system assists the soldier at every stage 
with counseling to ensure that he receives a full and 


Comments 

As one can see, the Disability Boards of the three 
services are fairly consistent in the findings of ser¬ 
vice members appearing before them. This is to be 
expected because they are all governed by the same 
law (Chapter 61, Title 10 U.S.C.). The differences 
can be explained in the manner in which the ser¬ 
vice secretaries choose to implement the disability 
system within their service. The army has the same 
members sitting on their informal and formal 
boards. The air force and the navy have different 
members sitting on their informal and formal 
boards. The air force finds a greater percentage of 
airmen fit due to the fact that they have within each 
of their units a given number of nondeployable slots 
to which airmen may be assigned. With these slots 
being available, the air force board can find an air¬ 
man fit and assign him to a nondeployable slot. As 
a group these individuals are classified as Code C. 
The army and navy do not have a comparable clas¬ 
sification and, thus, have a lower percentage of fit 
findings. 


fair hearing and just compensation for a medical 
condition sustained while in service of his country. 

For over 50 years, the present disability system 
has been helping soldiers. It is an integral part of 
the army in the maintenance of a full and fit force. 
For soldiers who cannot continue military service 
due to medical impairment, the army stands ready 
to provide for them through a "Quality Disability 
System Administered with Pride." 
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ACRONYMS AND ABBREVIATIONS 
Volumes 1 and 2 


A 

AAEM: American Association of Electrodiagnostic Medicine 
AAROM: active assistive range-of-motion 
ABG: arterial blood gas 

ABPM&R: American Board of Physical Medicine and 
Rehabilitation 

ABPM: American Board of Physical Medicine 
ABR: auditory brainstem response 
AC: acromioclavicular 
ACE: angiotensin converting enzyme 
ACL: anterior cruciate ligament 
ACTH: adrenocorticotropic hormones 
ADH: antidisseretic hormone 
ADL: activities of daily living 
ADP: adenosine diphosphate 
AE: above elbow 
AFO: ankle/foot orthosis 
AFQT: Armed Forces Qualification Test 
AGR: Active Guard Reserve 
AKA: above-knee amputation 
AMC: Army Medical Center 
AMEDD: U.S. Army Medical Department 
AMSC-CIR: Army Medical Specialist Corps Clinical 
Investigation and Research 
AMSC: Army Medical Specialist Corps 
ANG: Army National Guard 
AP: anterior-posterior 

APDAB: Army Physical Disability Appeals Board 

AR: Army Regulation 

ARC: American Red Cross 

ARG: Army Reservists and National Guard 

AROM: active range-of-motion 

ARVN: Army of the Republic of Vietnam 

ASIA: American Spinal Injury Association 

ATH: air transportable hospital 

ATN: acute tubular necrosis 

ATP: adenosine triphosphate 

ATPase: adenosine triphosphatase 

B 

BAEP: brainstem auditory evoked potential 
BAER: brain stem auditory evoked response 
BAM: basilar artery migraine 
BE: Below elbow 

BEAM: brain electrical activity mapping 

BEE: basal energy expenditure 

BIA: Brain Injury Association 

bid: twice daily 

BKA: below-knee amputation 

BP: blood pressure 

BSA: body surface area 

BUN: blood urea nitrogen 

c 

CAD/CAM: computer aided design/computer aided 
manufacturing 

CAPTE: Commission on Accreditation for Physical Therapy 
Education 

CASD: computer aided socket design 
CAT / CAM: contoured adducted trochanteric-controlled 
alignment method 


CDP: cytidene 5'-diphophocholine 
CED: cognitive enhancing drug 
CK: creatine kinase 

CMAP: compound motor action potential 

CMRR: common mode rejection ratio 

CMST: circulation, motion, sensation, and temperature 

CMUAP: compound motor unit action potential 

CN: cranial nerve 

CNS: central nervous system 

C.O.: cardiac output 

COj: carbon dioxide 

COMMZ: combat zone 

CONUS: continental United States 

CP: conventional prosthesis 

CP: creatine phosphate 

CPAP: continuous positive airway pressure 

CPM: continuous passive motion 

C-PMN: C polymodal nociceptors 

CPR: cardiopulmonary resuscitation 

CRPS: Complex Regional Pain Syndrome 

CRT: cathode ray tube 

CSF: cerebrospinal fluid 

CT: computed tomography 

CTR: carpal tunnel release 

CTS: carpal tunnel syndrome 

D 

dB: decibel 

DCCS: Deputy Commander for Clinical Services 
DEXA: dual photon X-ray absorptiometry 
DF: dorsiflexion 
DIP: distal interphalangeal 

diphosphonate EHDP: disodium ethane-l-hydroxy-1, 1- 
diphosphonate 

DoD: Department of Defense 
DREZ: dorsal root entry zone 
DVA: Department of Veterans Affairs 
DVT: deep venous thrombosis 

E 

ECU: environmental control unit 

EEG: electroencephalogram/electroencephalographic / 
electroencephalography 
EF: Epileptiform findings 
EMC: electromyographic/ electromyography 
ENG: electronystagmography 
EPB 

ERG: electroretinogram 

ERMPs: early recovery management programs 
ESWL: extracorporeal shock wave lithotripsy 

E 

FAD: (McMaster) Family Assessment Devise 
FAD: flavin adenine dinucleotide 
FADHj: FAD gains electrons to become 
FAM: Functional Assessment Measure 
FDA: Food and Drug Administration 
FDP: fibrin degradation product 
FES: functional electrical stimulation 
FF: full field 

FIM: Functional Independence Measure 
FNQ: Family Needs Questionnaire 
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FS: focal slowing 

FVC: forced vifal capacifies 

FY: fiscal year 

G 

GABA: gamma-aminobufyric acid 
GAP-43: growth-associafed prolein-43 
GGS: Glasgow Goma Scale 
GED: General Education Diploma 
GI: gastrointestinal 
GMO: general medical officer 
GOS: Glasgow Outcome Scale 
GPB: glossopharyngeal breathing 

H 

Flj: Flistaminej-receptor 
FIDE: high density lipoprotein 
FIF: half field 

FIIV: human immunodeficiency virus 

FIO: heterotopic ossification 

FIR: heart rate 

FITL: hearing threshold level 

FITM: high threshold mechanoreceptors 

I 

lASP: International Association for the Study of Pain 
IG: intermittent catheterization 
IGP: intracranial pressure 
ICU: intensive care unit 

International 10-20: The International Ten-Twenty System of 
Electrode Placement 
IP: interphalangeal 
IPI: interpotential interval 
IPOP: immediate postoperative prosthesis 
IPORD: immediate postoperative rigid dressing 
ISNY: Icelandic-New York 
ITB: iliotibial band 
lU: international units 
IV: intravenous 

K 

KAFO: knee-ankle-foot orthosis 

L 

L-dopa: levodopa 
LE: lower extremity 
LHS: left heelstrike 
LLB: long leg brace 
LOD: line of duty 

LTM: low threshold mechanoreceptors 

M 

MAOI: monoamine oxidase inhibitor 
MCL: medial collateral ligament 
MGP: metacarpophalangeal 

MCVOST: Medical Gollege of Virginia Olfactory Screening 
Test 

MEB: Medical Evaluation Board 

MEDGOM: Medical Command 

MEP: motor evoked potential 

MESI: Mangled Extremity Syndrome Index 

MF2K: Medical Force 2000 

ML: medial-lateral 


MMPI-2: Minnesota Multiphasic Personality Inventory-2 

MMRB: Military Medical Retention Board 

MMTN: myelinated mechanothermal nociceptors 

MOD: modification 

MOS: military occupation specialty 

MP: myoelectric prosthesis 

MP: metacarpophalangeal 

MPA: microstomia prevention appliance 

MRI: magnetic resonance imaging 

mRNA: messenger ribonucleic acid 

MS: multiple sclerosis 

MSIT: melanocyte stimulating hormone 

MTF: medical treatment facility 

MTP: metatarsophalangeal 

MVC: maximum voluntary isometric contraction 

N 

NAD***: nicotinamide adenine-dinucleotide 

NADH: NAD+ gains hydrogen to become 

NARSUM: narrative summary 

NATO: North Atlantic Treaty Organization 

NGS: nerve conduction study 

NG: National Guard 

NGF: nerve growth factor 

NFIIF: National Head Injury Foundation 

NIH: National Institutes of Health 

Nm: knee moment 

NMD A: N-methyl D-aspartate 

NMS: neuromusculoskeletal 

NPO: nothing by mouth 

NPT: nocturnal penile tumescence 

NSAID: nonsteroidal antiinflammatory drug 

NSNA: normal shape, normal alignment 

o 

OBLA: onset of blood lactate accumulation 

OEA: Operations, Evaluations, and Analysis Officer 

OH: orthostatic hypotension 

OT: occupational therapist/therapy 

OTSG: Office of The Surgeon General 

P 

PA: Physician Assistant 

PAFO: plastic ankle-foot orthosis 

PGA: patient controlled analgesia 

Pco^: partial pressure of carbon dioxide 

PDB: Physical Disability Branch 

PEB: Physical Evaluation Board 

PEBLO: Physical Evaluation Board Liaison Officer 

PEEP: positive end-expiratory pressure 

PERSGOM: Personnel Gommand 

PF: plantarflexion 

PFT: pulmonary function test 

PIP: proximal interphalangeal 

PMO: Personnel Management Officer 

PMR: physical medicine and rehabilitation 

PNF: proprioceptive neuromuscular facilitation 

POj: partial pressure of oxygen 

PROM: passive range-of-motion 

PT: physical therapist/therapy 

PT: prothrombin time 

PTA: posttraumatic amnesia 

PTB-TGS: patellar tendon bearing, total contact socket 
PTE: posttraumatic epilepsy 
PTSD: posttraumatic stress disorder 
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R 

IRM: one repetition maximum test 

RDA: recommended dietary allowance 

RGO: reciprocating gait orthosis 

RH: thyrotropin releasing hormone 

RHO: right heeloff 

RHS: right heelstrike 

RQ: respiratory quotient 

RSD: reflex sympathetic dystrophy 

RSDS: reflex sympathefic dysfrophy syndrome 

RTO: righf foeoff 

RTS: righf foestrike 


s 

3S: silicone suction socket 

SACH: solid-ankle cushion-heel 

SAFE: stationary attachment, flexible endoskelefon 

Sea: Slow componenf a 

Seb: Slow componenf b 

SCI: spinal cord injury 

SCL-90: Symptom Checklisl-90 

SeV: slow componenf velocity 

SEE: standard error of fhe estimate 

SEC: soluble fibrin complex 

SIADH: secretion of inappropriate antidiurefic hormone 
SIDS: Sudden Infanf Death Syndrome 
SMP: sympathetically maintained pain 
SNAP: sensory nerve action potential 
SP: silent period 

SPECT: single photon emission computed tomography 
scans 

SPL: sound-pressure level 

SSRl: selective serotonin reuptake inhibitors 

STEN: STored ENergy foot 

STSG: split thickness skin graft 

SV: stroke volume 

SWOB: separated without benefits 

SWSP: separated with severance pay 

T 

TABPM: American Board of Physical Medicine 

TBl: fraumafic brain injury 

TBSA: fofal body surface area 

TBSAB: fofal body surface area burned 

TCA: fricyclic antidepressanfs 

TCL: tibial collateral ligamenf 


TDRL: Temporary Disabilify Retired Lisf 

TENS: franscutaneous elecfrical nerve stimulation 

TES: total elastic suspension 

TD: termal device 

THA: tetrahydro-9-aminoacridine 

tid: three times per day 

TKA: trochanter, knee, ankle (line) 

TEE: temperolimbic epilepsy 
TLSO: thoracolumbosacral orthosis 
TO: Theater of Operations 
TOS: fhoracic ouflef syndrome 
TPR: fotal peripheral resistance 
TRH: thyrotropin releasing hormone 
TRM: ten repetition maximum 
TUN: total urinary nitrogen 

u 

UCL-BC: University College of London Bioengineering 
Cenfer 

UDS: Utah Dynamic Socket 
UE: upper extremity 
UN: United Nations 

USAPDA: United States Army Physical Disability Agency 

USAR: United States Army Reserve 

USC: United States Code 

UTI: urinary tract infection 

UUN: urinary urea nitrogen 

V 

VA: Veterans Affairs, Deparfment of 
VAMC: Veferans Affairs Medical Cenfer 
VASRD: Veferans Administrafion Schedule for Rafing 
Disabilities 

VEP: visual evoked potentials 
VHIS: Vietnam Head Injury Study 
Vo^max: volume of maximum oxygen consumption 
VOj: oxygen consumption 

w 

WBC: white blood cell 
WBGT: wet-bulb globe temperature 
WDR: wide dynamic range 
WHFO: wrist, hand, finger orfhosis 
WMSC: Women's Medical Specialist Corps 
WRAMC: Walter Reed Army Medical Center 
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A 

AAEM 

See American Association of Electrodiagnostic Medicine 
(AAEM) 

AAROM 

See Active assistive range-o£-motion (AAROM) 
Abdominal binders 
elastic, 182, 184 
Abducens nerve, 291-300 

anatomy and function, 291-293 
Abducens neuropathies, 295-296 
electrodiagnosis, 299 
evaluation, 299 
imaging, 299-300 
management, 299-300 
symptoms and signs, 297-299 
syndromes, 296-297 
Above-elbow (AE) amputations, 43-44 
long, 44 
short, 44 

surgical procedures, 46 
Above-elbow prostheses, 34, 56-59 
versus below-elbow prostheses, 56 
choice of, 69-71 
elbow joinfs for, 56-57, 59 
fitting, 48-50 
myoelectric, 69 

and residual limb problems, 61 
standard components, 57 
Above-knee amputations (AKA), 122-134 
acute pain management, 125 
definitions, 122-123 
energy expenditure for walking, 93 
functional outcome, 83 

interdisciplinary team management case study, 835-837 
joint contracture prevention, 126 
long-term follow-up, 133-134 
low, 82 

mortality rates, 93 
psychological support, 125, 133-134 
rehabilitation, 123-127, 143, 147-148 
reintegration into community, 133 
selection, 123-124 
surgical techniques, 122-124 
unbalanced myodesis in, 140 
weight bearing, 126 
Above-knee prostheses 
fitting, 126-127 
training, 133 
ABPM 

See American Board of Physical Medicine (ABPM) 
ABPM&R 

See American Board of Physical Medicine and Rehabilita¬ 
tion (ABPM&R) 

Accessory nerve, 335-338 

anatomy and function, 335-336 
Accessory neuropathies, 336-338 
electrodiagnosis, 338 
evaluation, 336-338 
imaging, 338 
management, 338 
prognosis, 338 
symptoms and signs, 336 


syndromes, 336 
Accidental death 
incidence, 209-210 
Accommodation reflex 
innervation, 295 
Ace bandages, 357 
Acefazolamide, 217 
Acefylcholine, 450, 785 
Acefylcholine receptor proliferation 
following denervation, 435-436 
Acefylcysfeine, 759 
Acefylsalicylafe 

confraindicafions, 357 
Achilles fendinifis, 399-400 
Acid burns, 577-578 
AC joinf 

See Acromioclavicular (AC) joinf 
Acknowledgment 847 
ACL 

See Anferior cruciafe ligamenf (ACL) 

Acoustic nerve, 315-325 

anatomy and function, 315-317 
Acoustic neuroma, 322 
Acoustic neuropathies, 317-318 
electrodiagnosis, 322-323 
evaluation, 319-322 
management, 323-324 
prognosis, 323 

symptoms and signs, 318-319 
Acromioclavicular (AC) joint, 371-372 
rehabilitation, 372 
ACTH 

See Adrenocorticotropic hormone (ACTH) 

Actin, 783 

Action potentials, 424-425, 785 
duration, 459 

loss of abilify fo provoke, 460 
measurement 451 
propagation, 449 

See also Compound mofor action potentials (CMAP); 

Sensory nerve action potential (SNAP) 

Active assistive range-o£-motion (AAROM) 
for burn pafienfs, 603-606 
definition, 602-603 
Activities of daily living (ADL) 
assessmenf instrumenfs, 852-853 
and bilaferal upper extremify ampufees, 63-64 
and burn pafienfs, 596, 601, 607, 618-621, 631, 676-680 
limifafions, 15 

and lower extremify amputees, 84, 102-104, 106 
and quadruple amputees, 149 
and spinal cord injured patients, 179 
and traumatic brain injuries, 227-228 
and upper extremity amputees, 50-52, 62-64 
See also specific activity 
Acupuncture 

for phanfom limb pain, 147 
Acufe abdomen 

in spinal cord injured pafienfs, 184 
Acufe mounfain sickness, 820 
Adaptic, 591, 594-595, 600, 616 
Adaptive devices 
for bafhing, 679 

for burn pafienfs, 618-621, 631, 674-680 
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for communication, 620-621, 681-682, 833 

for donning pressure garments, 679-680 

for dressing, 679-680 

for drinking, 619-620 

for driving, 54, 64, 178-179, 682 

for environmental control systems, 621 

for feeding, 619-620, 676-677 

for functional mobility, 682 

for grooming, 620, 677-679 

for hand rehabilitation, 38, 41-42 

for hearing impairments, 324 

for home accessibility, 681 

for housekeeping, 681 

for keyboard usage, 681-682 

for kitchen activities, 681 

for lower extremity amputees, 106 

as orthosis attachments, 707 

for reading, 621 

recreational, 10, 41^2, 52-54, 70-71, 149, 682-683 
for self-feeding, 619-620, 676-677 
for spinal cord injured patients, 178-179 
for toileting, 679 
vocational, 54 
for writing, 621 
See also specific device 
Adaptive skills 
assessment, 855 

Adenosine diphosphate (ADP), 786 
Adenosine triphosphatase (ATPase), 783-784 
Adenosine 5' -triphosphate (ATP), 786-787 
resynthesis, 786-787 
Adie's pupil, 297 
ADL 

See Activities of daily living (ADL) 

Adler-Scheie test, 287 
ADP 

See Adenosine diphosphate (ADP) 
Adrenocorticotropic hormone (ACTH), 218 
Adson maneuver, 501 

Advisory Board for Medical Specialties, 5-6, 831 
Advocacy 

for brain injured patients, 249, 255 
AE amputations 

See Above elbow (AE) amputations 
Aerobic capacity 
and age, 804-805 

correlation between body fat percentage and, 795 
and gender, 803-804 
and immobilization, 764 
of military populations, 803-806 
and occupation, 804-805 
Aerobic power, 782, 799-801 
definition, 799 
determinants, 800-801 
measurement, 799-800 
Aerobic system, 787 
Aerobic training, 810-812 

adaptation to resistance training, 812 
adaptive response, 809 
in integrated program, 813-814 
in weight control programs, 793 
Affective disorders 

after traumatic brain injury, 223 
Afferent fibers 

in cranial nerves, 281 
AFO 

See Ankle/foot orthoses (AFO) 

African Americans 


counseling concerns, 849 
Age 

as risk factor for injury, 816 
and severity of burn injury, 579 
and traumatic brain injury management, 218 
and vocational rehabilitation, 847 
See also Elderly; Children 
Ageusia, 311 
Air cushion 

three-layered, 757 
Air-Flex Foot, 117-119 
Air-fluidized bed, 757 
Air Force 

body fat standards, 796-798 
disability systems, 884 
physical therapy services, 25-26 
Air Force Convalescent Training Program, 831 
Airplane splints, 630, 638 
Air suspension beds, 757 
Airway compromise 
signs of, 583 
Airway management 

of burn patients, 583-585, 598-599 
Akathisia 

after traumatic brain injury, 220 
Alcohol abuse 

and pharmacologic therapy, 240 
and traumatic brain injury, 229, 239-241, 246 
Alignment 

dynamic, 104 
static, 103-104, 127 
Alkali burns, 577-578 
Allergic contact dermatitis 
on residual limb, 139 
Allodynia, 482 
Allograft skin 

See Homograft skin 

Alternate binaural loudness balance test, 320 
Altitude 

high terrestrial, 820 

Amantadine hydrochloride, 214-215, 217, 219 
Amaurotic familial idiocy, 287 
Ambulation 

after spinal cord injury, 175, 177-178, 731 
after traumatic brain injury, 226 
by burn patients, 636 

energy expenditure for, 92-93, 149, 178, 723-724, 731, 733 
by fracture patients, 733-737 
impairment, 15 

by lower extremity amputees, 13, 81, 84, 88, 102, 104, 106, 
125-127, 135 

by multiple amputees, 148-149 
and musculoskeletal disorders, 358, 384 
See also Crutch ambulation; Gait pattern; Gait training; 
Gait velocity 

American Association of Electrodiagnostic Medicine (AAEM), 
11, 448, 513 

American Association of Electrotherapy and Radiology, 830 
American Association of Physical Therapists, 830 
American Board of Medical Specialties, 6 
American Board of Physical Medicine (ABPM), 5-6, 831 
American Board of Physical Medicine and Rehabilitation 
(ABPM&R), 6, 832 

American Burn Association, 579, 583 

American Gollege of Radiology and Physiotherapy, 4 

American Medical Association, 5-6, 8 

American Board of Physical Medicine, 5-6, 831 
Gouncil on Physical Therapy, 22 
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impairment rating scale, 285 

Special Exhibit Committee on Physical Medicine, 742 
American Physical Therapy Association, 20 
American Spinal Injury Association (ASIA), 167-169 
Americans with Disabilities Act, 6 

American Women's Physical Therapeutic Association, 21 
Amino acids 

and traumatic brain injury, 212 
Amino acid supplementation 
for burn patients, 687 
Amitriptyline, 476, 492, 495 
Amnesia 

and mild brain injury, 230 
posttraumatic, 253 
Amphetamine, 219 
Amplification 

electrodiagnostic, 451-452 
Amplitude, 459 
motor unit, 457 

nerve conduction studies, 459, 464 
Amputation 

Civil War, 34, 71-72, 80, 134 
emotional aspects, 47, 52 
Korean War, 134 
mortality rate, 134 
multiple, 122, 133, 148-149 
Persian Gulf War, 12-15, 46-47, 80 
primary indicafion for, 45 
psychological trauma, 10 
quadruple, 149 
surgical principles, 45^6 
Vietnam War, 10, 52, 72, 80, 134, 148, 150 
vocational outcomes after, 150 
World War I, 35, 81, 93, 95, 134 
World War II, 34-35, 46, 71-72, 80, 93-95, 134 
See also Lower extremity (LE) amputations; Upper 
extremity (UE) amputations; specific type of amputation 
Amputation centers 

World War II, 7, 10, 34-35, 52, 80-81, 94, 149 
AMSC 

See Army Medical Specialist Corps (AMSC) 

AMSC-CIR 

See Chief of Army Medical Specialisf Corps Clinical 
Invesfigafion and Research (AMSC-CIR) 

Anaerobic glycolysis, 787-788 
Anaerobic power, 782, 801-802 
definifion, 801 
deferminanfs, 802 
measuremenf, 801-802 
population data, 806 
Anaerobic training, 812-813 

in integrated program, 813-814 
See also Resistance training 
Anaerobiosis 

muscle, 786, 789 
Analgesics 

for burn pafienfs, 599-600, 621-623, 625-626 
for musculoskelefal injuries, 357-358, 383 
for phanfom limb pain, 145-146 
for spinal cord injured pafienfs, 191 
See also Pain management specific drug 
Anderson shoulder ring, 713 
Anesfhesia 

for causalgia, 489-490 
for lumbar pain, 382 
malposifioning during, 628 
ocular complicafions, 296 
for phanfom limb pain, 146, 148 


for reflex sympafhefic dysfrophy, 141, 148 
for residual limb pain, 142, 147 
Anesfhesia dolorosa, 308 
Anesfhefics 

for musculoskelefal injuries, 372, 375 
for phantom limb pain, 146 
See also specific drug 
ANG 

See Army National Guard (ANG) 

Angiography 

pulmonary, 760-761 
Aniracetam, 219 
Ankle 

musculoskeletal disorders, 395-401 
nerve injuries, 531-545 
scar compression, 675 
Ankle compression injury 

chronic or repetitive, 538, 541-542 
Ankle disarticulation 
See Syme's amputation 
Ankle-foot orthoses (AFOs), 704, 715-726 
ankle joints for, 716-717 
anferior slops, 715-716, 718-720, 723 
biomechanical funclion, 716-720 
for burn pafienfs, 615, 631, 643 
componenfs, 715-716 
design and suifabilily, 720-722 
evaluafion by biomechanical principles, 722-723 
indications, 716 
mediolateral stability, 716-717 
metabolic requirements, 723-724 
metal, 715-720 

for peripheral nerve injuries, 495 
pisloning, 722-723 
plaslic, 720-723 

posterior slops, 715, 717-718, 722-723 
wifh prostheses, 90 

specialized designs for patienf needs, 723-724 
Teufel, 723-725 

VAPC shoe clasp, 722-723, 725 
Ankle/fool prostheses, 87, 127 
Ankle fractures 
stress, 397 
Ankle positioning 

for burn injuries, 611 
Ankle sprains 

inversion, 397-399 

superficial peroneal neuropalhy caused by, 541 
sural enlrapmenl neuropalhy caused by, 542 
farsal tunnel syndrome caused by, 533 
Ankylosis, 380-381 
Anorexia 

after traumatic brain injury, 217 
and immobilization, 752 
Anosmia, 283, 285 
Anosognosia, 211 
Antacids, 754 

Anterior cord syndrome, 170-171 
Anterior cruciate ligament (ACL), 392-393 
Anterior drawer test, 392 
Anterior interosseous nerve, 508 
Anterior interosseous syndrome, 508-509 
Anterior scalene syndrome, 501 
Anterior stops 

on ankle-foot orthoses, 715-716, 718-720, 723 
on knee-ankle-foot orthoses, 729 
Anterior tarsal tunnel, 538 
Anterior tarsal tunnel syndrome, 538-540 
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Antibiotics 

for urinary tract infections, 585 
See also specific drug 
Anticholinergic drugs 

for fraumatic brain injury, 212, 220 
See also specific drug 
Anticholinesferases 

for fraumatic brain injury, 218 
Anticoagulants, 762-764 
See also specific drug 
Anticonvulsants 

for cranial neuropathies, 329, 335 
for peripheral neuropathy, 477 
for phanfom limb pain, 146 
for spinal cord injured patienfs, 191 
for fraumatic brain injury, 216, 221, 240 
See also specific drug 
Antidepressants 

See Tricyclic antidepressants; specific drug 
Antigravity positioning, 470^71, 604, 606-610, 628, 743, 746 
Antihypertensives 

contraindications, 220 
for spinal cord injured pafienfs, 183-184 
See also specific drug 
Antiinflammafory medications 

for musculoskelefal injuries, 355, 357-358, 364, 372-373 
See also Nonsferoidal antiinflammafory drugs (NSAIDs); 
specific drug 
Antiosfeoclasfic agenfs 

for immobilizafion osfeoporosis, 748, 750 
Antipersonnel mines 
injuries caused by, 82 
Antispasticity agents 

for fraumafic brain injury, 216 
See also specific drug 
Anxiefy 

and fraumatic brain injury, 251-254 
Anxiolytics 

and alcohol use, 240 
for burn patienfs, 622 
See also specific drug 
APDAB 

See Army Physical Disabilify Appeals Board (APDAB) 
Aphonia, 332 
Appetife dysregulafion 

affer fraumafic brain injury, 217 
and immobilizafion, 752 
Appraisal, 847 
Aquaplast, 617 

Archives of Physical Medicine and Rehabilifafion, 4 
Arginine supplemenfation, 687 
Argyll Roberfson pupil, 292, 297, 299 
Aris Isotoner, Inc., 665 
Arm amputations 

See Upper extremity (UE) amputations 
Armed Forces Military Entrance Processing Stations 
strength measurement methodology, 806 
Armed Service Amputation Center, 10, 149 
Arm scar compression, 673 
Arm supports 

mobile, 676-677, 710-712 
suspension sling, 712-713 
Army 

aerobic capacity values, 804-806 
basic recruit training, 814-816 
body fat standards, 796-797 
body weight/fat control program, 793 
body weight limits, 796 


cardiovascular risk screening program, 818 
physical disability system, 865-883 
physical therapy, 16, 20-28 
rehabilitation teams, 16 

Army-Baylor University Graduate Program in Physical 
Therapy, 25 

Army Medical Command (MEDCOM), 866 
Army Medical Specialist Corps (AMSC), 23 
Army National Guard (ANG) 

disability compensation, 882-883 
Army of the Republic of Viefnam (ARVN), 23 
Army Patienf Adminisfrafion Division (OTSG), 27 
Army Physical Disabilify Agency (USAPDA), 865-867 
caseload stafistics, 879-883 
history, 865 
location, 867 
review by, 876-879 

Army Physical Disability Appeals Board (APDAB), 866 
Army Physical Therapy Registry (Persian Gulf War), 27- 
Army Regulations 40-48 and 40-68, 24 
Army Reserve (USAR) 

disability compensation system, 877, 882-883 
Arterial blood pressure 
See Blood pressure (BP) 

Arthritis 

in amputees, 142 
Arthrogenic contractures, 746 
Arthroscopy 

peroneal neuropathies caused by, 529 
Artificial muscle 

in hand orfhoses, 708-709 
Ashworfh scale 

for grading muscle tone, 172 
ASIA 

See American Spinal Injury Associafion (ASIA) 
Asparfafe, 212 
Aspen Workgroup, 235 
Aspiration 

in spinal cord injured patients, 182 
Assist mode, 599 
Ataxia 

after traumatic brain injury, 217 
Atelectasis 

in spinal cord injured patients, 182 
Atlanto-axial instability 
C-1 to C-2, 174 

Atlanto-occipital dislocations, 173 
ATP 

See Adenosine 5 ' -triphosphate (ATP) 

ATPase 

See Adenosine triphosphatase (ATPase) 

Atrophy 
optic, 287 

See also Muscle atrophy 
Atropine, 183 

Attentional process disruption 
after traumatic brain injury, 220 
Audiogram, 320 
Audiometry 

pure tone, 319 

Auditory hallucinations, 319 
Auditory palpebral reflex, 313-314 
Auditory screening lest, 319 
Auriculotemporal nerve syndrome, 303, 312 
Autonomic dysregulation 

after traumatic brain injury, 217 
Autonomic hyperreflexia 

in spinal cord injured patients, 183-184 
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Autonomic instability 

causalgia-associated, 482 
Avellis's syndrome, 332 
Axial flaps, 691 
Axillary nerve, 496 
injury to, 499-500 
Axillary straps 

for upper exfremify prostheses, 57 
Axon, 422^23 
Axonal debris removal 

role of macrophages in, 433 
Axonal degeneration 

See Wallerian degeneration 
Axonal regeneration 

after peripheral nerve injury, 431-432, 434, 436 
after traumatic brain injury, 212 
Axonal shear injuries, 209 
Axonal transport, 425-426 
antegrade, 425 
models, 426 
retrograde, 425-426 
Axon collateral sprouting 

after traumatic brain injury, 212-213 
Axonotmesis, 429 

B 

Babinski response, 190 
Bacitracin, 582, 591 
Back pain 

immobilization for, 743 
low, 11, 378-389, 857 
Baclofen 

for cranial neuropafhies, 308 
for phanfom limb pain, 146 
for spinal cord injuries, 191 
for fraumafic brain injury, 216, 220 
BAEPs 

See Brainstem auditory evoked potentials (BAEPs) 
Balance 

with knee-ankle-foot orthoses, 730 
Balance board training 

for musculoskelefal injuries, 398 
Balkan Wars, 162 

Ball-bearing mobile arm supporf, 710-712 

Barbifurafes, 216 

Barium swallow, 327-328 

Barfhel Index-Granger Adaptafion, 852 

Barfon, Waller E., 22 

Barfon Carey garmenfs, 659, 669 

Baruch, Bernard, 5 

Baruch Commiffee, 5 

Basic recruil framing 

injuries associated wilh, 814-816 
Bafhing 

adapfive aids, 679 
Batteries 

for myoelecfric prostheses, 67 
Battle fatigue 

prevention, 623 
Battle stress, 16, 623 
Battle wounds 

emotional reaction to, 846-848 
BE amputations 

See Below elbow (BE) amputations 
Becker-type ankle joint, 716 
Bedrest 

See Immobilization; Immobility complications 


Beds 

for spinal cord injured palienls, 182, 186 
See also specific type of bed 
Behavioral approaches 
lo burn pain, 625 
lo phanfom limb pain, 147 
Behavioral assessmenl fools, 223 
Behavioral observations 

for neurobehavioral assessment 242-243 
Behavioral problems 

afler Iraumatic brain injury, 211-213, 222-223, 238-239 
Behrens, Charles R, 5 
Belgian Army Medical Corps, 81 
Bell clapping 

residual limb pain caused by, 142-143 
Bell's palsy, 311 

Below-elbow (BE) ampufafions, 43-44 
bilateral, 64 
long, 44, 52 
shorf, 44, 53 
surgical procedures, 46 
very shorf, 44, 53 

Below-elbow prostheses, 34, 52-59 
versus above-elbow prostheses, 56 
choice of, 69-71 
elbow joinfs for, 55 
fitting, 48-50 
long, 44, 52 
myoelectric, 68-69 
and residual limb problems, 61 
short, 44, 53 

standard components, 55 
suspension and control, 54-56 
terminal devices, 44, 53-54 
very short, 44, 53 
wrist units, 53-55 

Below-knee amputations (BKA), 82, 93-122 
classification, 93 

energy expenditure for walking, 93 
funcfional oufcome, 83, 93 
high, 82 
indications, 94 
long, 93 

long-term follow-up, 106 
morfalify rates, 93 
postoperative dressings, 96-100 
preoperative evaluation, 100-101 
psychological support, 101 
rehabilitation, 100-106, 143, 147-148 
residual limb lengthening, 96 
short, 93 

standard or medium length, 93 
surgical techniques, 93-96 
ultrashort, 93 

weight bearing, 98-99, 102-103 
Below-knee prostheses, 106-120 

computer aided design/manufacturing, 120-121 
fitting, 106 
foot, 97-100, 110, 113 
immediate postoperative, 96-98 
selection, 106-107 
shanks, 112-113 
sockets, 106-110, 112 
suspension, 110-112 
Bending moment 
at knee, 717, 723 
Benedikt's syndrome, 296 
Benserazide, 214-215 
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Benson's relaxation, 625-626 
Benzodiazepines 

for burn patients, 622 

for traumatic brain injury, 216, 220-221, 240 
See also specific drug 
Beta-blockers 

for causalgia, 490 
for phantom limb pain, 146 
for traumatic brain injury, 217, 220 
See also specific drug 
Betadine 

See Povidone-iodine 
Betapile, 668 
Bethanecol, 218 
Bevor's sign, 169 
BIA 

See Brain Injury Association (BIA) 

Bicycles 

stationary, 125, 635, 800-802 
Biker's compression shorts, 657-658, 665 
Billings, Frank, 4 
Bine's test, 320 
Biobrane, 582, 593, 629 
Bio-Concepts, Inc., 665 
Bioconcepts prefabricated glove, 667 
Biofeedback 

for myoelectric prosthesis training, 69 
for phantom limb pain, 147 
Biological dressings, 592-593 
Bioplasty mesher, 590 
Biphosphonates, 748, 750 
Bivalved casts, 639, 747 
Bladder calculi 

in spinal cord injured patients, 194 
Bladder carcinoma 

in spinal cord injured patients, 194 
Bladder drainage 

in immobilized patients, 585, 752 
in spinal cord injured patients, 193-194 
Blink reflex, 302-303 

electrodiagnostic evaluation, 305 
Blisters 

on burn wound, 632, 656 
foot, 818 

on residual limb, 136 
Blocking, 463 

Blood flow distribution, 791 
Blood loss 

from debrided wound, 588 
Blood pressure (BP) 
arterial, 790-791 
during exercise, 790-791 
in immobilized patients, 764-765 
response to maximal exercise, 791 
Bobath shoulder roll, 713 
Body composition 
definition, 792 

and physical capacity, 794-796 
and physical fitness, 792-799 
reference values, 792 
standards, 796-797 
Body fat, 792-793 

android pattern, 793 
assessment, 793 
classification, 792 
essential or obligatory, 792 
excess, 793, 797 
gynoid pattern, 793 


measurement methodology, 797-799 
military control programs, 793, 796-799 
reduction, 793 

regional distribution, 793, 798 
storage, 792-793 
Body fat percentage 

correlation between aerobic capacity and, 795 
and fitness level, 792-799 
military standards, 796-797 
reference values, 792 
values for military populations, 794 
Body-powered prostheses 

hybrid (myoelectric and body-powered), 56, 59 
versus myoelectric prostheses, 68-71 
for upper extremity amputations, 53, 56, 62 
Body strength 
See Strength 
Body temperature 
regulation, 791 
Body weight 
See Weight 
Bolton, Frances P, 22 
Bolton Bill, 22 
Bone changes 

after burn injuries, 690 
in resistance training, 810 
Bone homeostasis 

during immobilization, 747-748 
Bone scans 

in causalgia, 487-488, 491 
in musculoskeletal injuries, 381, 385-386 
in reflex sympathetic dystrophy, 141-142 
Bone spurs 

in residual limb, 139-140 
Bone stress reactions 
See Stress fractures 
Bonnier's syndrome, 303, 326 
Boutonniere deformity, 611, 614, 639 
Bowden control cable, 55, 57-58 
Bowel programs 

for immobilized patients, 753 
for spinal cord injured patients, 185 
Boyd hindfoot amputation, 86-87 
Braces 

for musculoskeletal injuries, 374, 386 
Brachial plexopathies, 496^98 

anatomic considerations, 496-497 
in burn patients, 689-690 
clinical presentation, 498-500 
electrodiagnosis, 498-500 
etiology, 497-498 
Brachial plexus, 496-497 
Brachial plexus injuries, 366 
Bracing 

fracture cast, 735 

functional electrical stimulation for, 732-733 
Bradyarrhythmia 

in spinal cord injured patients, 182-183 
Bradycardia, 333 
Brain 

contusions, 209 
surface anatomy, 223 
Brain injuries 

See Traumatic brain injury (TBI) 

Brain Injury Association (BIA), 227, 230 
Brainstem auditory evoked potentials (BAEPs), 322-323 
Brainstem tumors, 323 
Brake mechanisms 
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for knee prostheses, 127-128 
Bretylium, 490 

Bromocriptine, 214-215, 219-220, 222 
Brown, Paul W., 10 
Brown-Sequard syndrome, 170-171 
Buf-N-Pu££, 633 
Bulimia 

after traumatic brain injury, 217 
Bullet fragment removal 

from spinal cord injuries, 164-165 
Bullets 

spinal cord injuries caused by, 164-165 
traumatic brain injury caused by, 208-209 
Bullet shock waves 

spinal cord injuries caused by, 164 
Bunnell, Sterling, 9, 35-36, 38 
Bunnell splints, 709 
Burn centers, 577, 583-584, 633 
Burn claw deformity, 614 
Burn cream, 582 
Burn grafts 

See Skin grafts 
Burn injuries, 575-702 
acid, 577-578 
acute phase, 595-625 
alkali, 577-578 

associated illnesses and injuries, 581 
chemical, 577-578, 583 
classification, 577-579 
closed treatment, 600 
complications, 582 
depth, 580-581 

dressings, 582, 587, 592-594, 600, 632 

electrical, 578-579, 591-592, 595, 691-692 

emergency care, 583-585 

first degree, 580 

flame, 577 

fourth degree, 581 

immobilization phase, 595-596, 625-631 

neurologic complications, 689-690 

nonhealing wounds, 587 

open treatment, 600 

Persian Gulf War, 14-15 

pigmentation, 605 

scald, 577 

second degree, 580-581 
severity factors, 579-581 
size, 579-580 
steam, 577 

surgical considerations, 582, 628 
thermal, 577 
third degree, 581 
topical treatment, 582 
treatment, 582-595 
wound excision, 587-588 
wound maturation phase, 595-596, 631-684 
Burn Net, 600 
Burn pain, 621-622 
Burn patients 

adaptive equipment, 618-621, 631, 674-680 
airway management, 583-585, 598-599 
contracture prevention, 600, 603-610, 627-628, 636, 643- 
674 

edema management, 587, 600, 606, 655-674 
enteral feeding, 602, 687-688 

exercises, 596-597, 602-606, 627-628, 635-637, 652-653 
functional activities, 596, 601, 607, 618-621, 631, 674-680 
home management, 680-681 


inpatient care guidelines, 583-584 

intubation, 584, 598-600 

management, 595-693 

nutritional care, 602, 684-689 

orthotics, 596, 600, 611-618, 629-630, 637-643 

outpatient care, 583-584, 636 

pain management, 599-600, 621-623, 625-626 

phases of care, 595-596 

positioning, 607-611 

psychological support, 596, 623-626, 631, 633, 683-684 
pulmonary edema in, 584-585 
reconstructive surgery, 690-693 
rehabilitation goals, 595, 632 
return to duty, 637, 683-685 
vascular access, 584-585 
Burn resuscitation formulas, 586 
Burn scars 

assessment, 662-664, 666 
desensitization, 633-634 
Burn shock 

fluid resuscitation tor, 585-587 
Burn splints, 615-616 
Bursae injuries, 356 

residual limb pain caused by, 142 
Bursitis 

trochanteric, 389 
in upper extremity amputees, 61 
Burst fractures, 175 

Bushnell General Hospital, Utah, 35, 80 
Buspirone, 215-216 
Bypass prosthesis, 126 

c 

Gable excursion 

in upper extremity prostheses, 59 
Gable tensiometer, 802 
Gacosmia, 283 
GAD 

See Gomputer aided design (GAD) 

GAl 

See Gareer Assessment Inventory (GAl) Enhanced Version 
Calcaneal nerve, 533 
Calcanectomy 
partial, 87 

Calcarine cortex, 286, 289 
Calcitonin 

tor hypercalcemia, 750 
tor immobilization osteoporosis, 748 
tor phantom limb pain, 146, 148 
Calcium alginate dressing, 594 
Calcium channel blockers, 479, 490 
Calcium gluconate, 578 
Calcium intake 

during immobilization, 751 
Calcium ions, 783-784 
Calcium supplementation, 748 
Callosities 

of residual limb, 137 
Caloric testing, 321 
Calorie counts 

tor burn patients, 602, 687-688 
and immobilization, 752 
CAM 

See Computer aided manufacturing (CAM) 

Camouflage makeup 

tor burn patients, 673, 690 
Canada 
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amputee vocational outcome study, 159 
Canadian socket design, 132-133 
Canes 

for above-knee amputees, 126 
for musculoskelefal injuries, 357 
CANFIT sysfem, 121 
Canfy, Thomas J., 10 
Capsaicin, 477^78, 490 
CAPTE 

See Commission on Accreditafion for Physical Therapy 
Educafion (CAPTE) 

Carafafe 

See Sucralfafe 
Carbamazepine, 477 

for cranial neuropathies, 308, 335 
for fraumatic brain injury, 216, 220-222 
Carbidopa, 214-215, 219, 222 
Carbohydrate mefabolism 
and burn injuries, 687 
Carbon Copy 11, 92, 116, 120 
Carbon Copy 111, 116-117, 120 
Carbon dioxide (COf) 

as orthotic power source, 705, 708-709 
parfial pressure (PCO^), 789, 791 
producfion, 788-789 
Carbon fiber 

shoe shanks /inserfs, 90 
sockef reinforcemenf with, 91-92 
Carbon graphite shoe inserts, 89-90 
Carcinoma 
bladder, 194 
colon, 185 

Cardiac enlargement 

in resistance training, 810 
Cardiac output (C.O.) 

and blood flow disfribufion, 791 
maximum, 801 

and oxygen consumption, 790 
response to aerobic training, 809 
response to maximal exercise, 791 
Cardiac reconditioning, 765 
Cardiopulmonary resuscitation (CPR) 
after spinal cord injury, 162 
Cardiorespiratory endurance 
See Aerobic power 
Cardiovascular complications 
exertion-related, 818 
of immobilizafion, 762-765 
of spinal cord injury, 182-184 
Cardiovascular conditioning 

and musculoskeletal injuries, 388 
Cardiovascular deconditioning, 764-765 
Cardiovascular function 
during exercise, 789-792 
Cardiovascular response 
to aerobic training, 809 
to resistance training, 809-810 
Cardiovascular risk screening program, 818 
Career Assessment Inventory (CAl) Enhanced Version, 854 
Career Compensation Act, 865, 879 
Career content skills 
assessment, 855-856 
Career plan guideline, 857 
Career Planning Guide Book, 855 
Caromed IntT, Inc., 665 
Carotid sinus reflex, 327, 333 
Carpal funnel, 509-510 
Carpal tunnel release (CTR), 513-514 


Carpal tunnel syndrome (CTS), 437^39, 509-514 
acute, 510, 513-514 
anatomic considerations, 509-510 
chronic, 510 
classification, 511-512 
clinical presentation, 511-512 
electrodiagnosis, 512-513 
etiology, 510-511 
treatment, 513-514 
Casts 

bivalved, 639, 747 
fiberglass material, 48, 53, 97-100 
fracfure bracing, 735 
plaster impression for residual limb, 121 
serial, 747 
thumb spica, 377 
See also Orthoses 
CAT / CAM socket 

See Contoured Adducted Trochanteric / Controlled 
Alignment Method (CAT / CAM) socket 
Catecholaminergic antagonists, 219-220 
Catecholamines 

for fraumatic brain injury, 212-215, 219 
See also specific drug 
Catheters 

See Urinary catheters 
Cauda equina, 168 

injuries, 191, 193, 732 
Cauda equina syndrome, 170-172 
Causalgia, 481M96 

cardinal characteristics, 482-483 
case studies, 491-496 
clinical considerations, 486 
clinical staging, 483 
diagnosis, 486-489, 491 
incidence, 481-482 
laboratory findings, 486-488 
pafhophysiology, 483^85 
Persian Gulf War, 482, 491 

superficial radial nerve compression-associated, 505 
frealmenf, 489M91 
Viefnam War, 482 
Cavernous sinus 
anatomy, 295 

inflammatory disease, 295 
septic thrombosis, 296 
Cavernous sinus syndrome, 303 
Cavitation, 747 
CDP-choline 

for fraumatic brain injury, 219 
CED 

See Cognitive enhancing drug (CED) 

Cellulitis 

in spinal cord injured patients, 187-188 
Central Army Physical Review Council, 865 
Central auditory pathway lesions, 318 
Central cord syndrome, 170-171 
Central nervous system (CNS) 

burn injury-associated damage, 633-634 
causalgia-associated changes in, 484 
effects of alcohol on, 240 
effects of immobilify on, 749 
neural recovery, 212-213 
Cenfral venous pressure 

in immobilized pafienfs, 764 
Cenfripefal wrapping, 471 
Cenfrophenoxine, 219 
Cerebellar afaxia, 217 
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Cerebrospinal fluid markers 
in traumatic brain injury, 211 
Cerebrovascular blood flow 
and cognitive function, 219 
Cerium nitrate, 591 
Cervical collars, 361 
Cervical glides 
dorsal, 362 

Cervical radiculopathy, 363-366 
Cervical soft tissue injuries, 361-363 
rehabilitation, 361-362 
Cervical spine, 167-168 
Cervical spine injuries, 169, 171, 173-174 
complications, 181-182, 191, 193 

interdisciplinary team management case study, 843-844 
Cervical spine orthoses, 174 
Cervical stabilization exercises, 364-365 
Cervical stenosis 

congenital, 165, 171 
Cervical traction, 364 
Cervicothoracic disorders, 361-367 
See also specific disorder 

Cervicothoracic stabilization exercises, 364-365 
Chance fractures, 175 
Charcot's spine, 189 
Check sockets, 52-53, 121, 130 
Chemical burns, 577-578 
treatment, 583 
Chemosensory testing, 285 
Chest expansion 

elbow lock operation by, 59-60 
Chest strap 

for above-elbow prostheses, 58 
for humeral neck amputation prostheses, 60 
Chief of Army Medical Specialist Corps Clinical Investigation 
and Research (AMSC-CIR), 27 
Childbirth 

in spinal cord injured patients, 195 
Children 

skin graft sites, 595 
Chin control 

of wheelchair, 177 
Chlorhexidine, 597 
Chlorphenesin, 308 
Choking 
socket, 143 
Cholelithiasis 

in spinal cord injured patients, 185 
Choline, 218 
Cholinergic substances 

for traumatic brain injury, 216, 218-220 
See also specific drug 
Chopart's amputations 

See Tarsotarsal amputations 
Chorda tympani syndrome, 312 
Chronaxie, 449 
Ciliary muscle 

innervation, 292-293 
Cimetidine, 754 

Circulation, motion, sensation, and temperature (CMST), 616, 
626 

Circulatory complications 
after amputation, 137-139 
in immobilized patients, 764-765 
Citalopram, 216 
Civil War 

amputations, 34, 71-72, 80, 134 
causalgia, 481 


cranial neuropathies, 339 
immobility complications, 742 
CK 

See Creatine kinase (CK) 

Claymore mines 

injuries caused by, 82 
Clear film dressings, 594-595 
Cleveland Clinic, 5 
Clinical symptom complex, 356 
Clinitron bed, 186-187, 628, 631, 757 
Clodronate, 748, 750 
Clonazepam, 220-222, 477 
Clonidine, 219-220, 479, 490 
CMAPs 

See Compound motor action potentials (CMAPs) 
CMRR 

See Common mode rejection ratio (CMRR) 

CMST 

See Circulation, motion, sensation, and temperature 
(CMST) 

CN 

See Cranial nerves (CN) 

CNS 

See Central nervous system (CNS) 

CO. 

See Cardiac output (C.O.) 

Coagulation necrosis 

caused by acid burns, 577-578 
Coban, 471, 613, 658-659 
Cochlear implants, 324 
Cochlear nerve 

anatomy and function, 315-317 
Cochlear neuropathies, 318-324 
evaluation, 319-322 
management, 323-324 
Cocked-hat flap procedure, 37 
Cockup splint, 709-710 
Codeine, 622 
Code of Hammurabi, 864 

Cognitive-behavioral dysfunction, 217-220, 222-223, 230 
and family outcome, 252-253 
treatment, 218-219, 228, 237-246 
Cognitive-behavioral profiling 
after traumatic brain injury, 217 
Cognitive enhancing drug (CED), 218 
Cognitive function 

drugs that may enhance, 218-220 
drugs that may interfere with, 219-220 
Cognitive remediation 

for brain injured patients, 245 
Cohen, Henry, 429 
Colace 

See Docusate sodium 
Cold exposure 

differential sensitivity of nerves to, 445 
effect on nerve conduction velocity, 445 
and exercise-related injuries, 819-820 
nerve damage caused by, 443-446 
tissue injury from, 123 
See also Frostbite 

Cold-induced neuropathies, 443-446 
clinical considerations, 443M44 
and duration of exposure, 445 
electrodiagnosis, 445-446 
morphologic changes, 445 
pathophysiology, 444M45 
prognosis, 444 

and temperature considerations, 445 
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and type of nerve involved, 445 
Collagen 

and hypertrophic scar formation, 644 
Collagen biosynthesis 

in denervated muscles, 435, 465 
Collagen production phase, 354-355 
Code's fracture 

carpal tunnel syndrome caused by, 510, 513 
Collet-Sicard syndrome, 331-332, 336, 340 
Colon carcinoma 

in spinal cord injured patients, 185 
Colorectal disease 

in spinal cord injured patients, 185 
Columns of Denis, 174-175 
Coma 

definition, 234 

Coma/Near Coma Scale, 224 
Coma Recovery Scale, 224 
Coma stimulation programs, 235-237 
Comatose patient 

cranial neuropathies in, 280 
Combat boots 

as risk factor for injury, 817 
Combat stress, 16, 623 
Combat theater 

physical medicine and rehabilitation in, 8-9 
physical therapy in, 19-30 
See also specific theater 

Commission on Accreditation for Physical Therapy Education 
(CAPTE), 25 

Common mode rejection ratio (CMRR), 452 
Communication 

adaptive devices, 620-621, 681-682, 833 
by intubated patients, 181 
Community mobility 

and spinal cord injured patients, 178-179 
Community reintegration, 845-861 
for spinal cord injured patients, 180 
for traumatic brain injured patients, 224, 227-229 
See also Return to duty; Vocational rehabilitation 
Compartment syndromes, 439-440 

pronator teres syndrome associated with, 506 
Compensation Act, 865, 879 
Compensation systems 

See Physical disability system 
Complex regional pain syndrome (CRPS) 
diagnostic criteria, 486^89 

See also Causalgia; Reflex sympathetic dystrophy (RSD) 
Complex repetitive discharges, 455 
Compound motor action potentials (CMAPs) 
amplitude, 459, 464 
inability to elicit, 460 
measurement, 451 
in ulnar neuropathy, 462, 517 
Compression 

for edema control, 471 
for musculoskeletal disorders, 357 
Compression inserts 

for orthoses, 650, 664-674 
Compression neuropathy, 436-439 
classification, 429 
clinical considerations, 437^39 
and impulse propagation, 450 
pathophysiology, 436^37 
See also specific nerve 
Computed tomography (CT) 

in cranial neuropathies, 285, 299, 341 
in femoral neuropathy, 527 


in musculoskeletal disorders, 381 
socket design with, 121 
in spinal cord injury, 163-164, 173, 175 
in traumatic brain injury, 225, 230 
Computer aided design (CAD) 
of sockefs, 120-121 

Computer aided manufacturing (CAM) 
of sockets, 120-121 

Computer aided socket design (CASD), 121 
Computers 

for spinal cord injured patients, 179 
Concentric contractions, 783 
Concentric needle electrodes, 453 
bipolar, 453 
coaxial, 453 

Concussive injuries, 227, 230 
classification, 230 
incidence, 210 
symptoms, 227, 230-231 
Conditioning period 

and muscle injury avoidance, 356 
Condom catheters 

skin complications, 186-187 
Conduction block, 449-450 
focal, 430 

Conduction slowing with temporal dispersion 
electrodiagnostic findings, 461-462 
Conduction velocity 

See Nerve conduction velocity 
Cones, 285-286 
Confusion 

in burn patients, 631 

Connecticut Chemosensory Clinical Research Center, 283-284 
Connective tissue 

denervation-associated changes, 435, 438-439, 442 
of nerve, 426-427 

peripheral neuropathy-associated stretching, 465-467 
Consciousness 

loss of, 230, 234-235 
Constipation 

in immobilized patients, 752-753 
Contact dermatitis 

caused by orthoses, 668-669 
on residual limb, 138-139 
Continental United States (CONUS) hospitals 
physical medicine and rehabilitation at, 9 
See also specific hospital 

Continuous passive motion (CPM) devices, 605, 616-618, 639- 
641, 747 

Continuous positive airway pressure (CPAP), 599 
Contoured Adducted Trochanteric / Controlled Alignment 
Method (CAT/CAM) socket, 129-130 
Contour foam, 670 

Contracture prevention, 8-9, 226, 746-747 

in burn patients, 600, 603-610, 627-628, 636, 643-674 
in lower extremity amputees, 81, 84, 88, 94, 101-102, 124- 
125, 135 

in spinal cord injured patients, 189 
in upper extremity amputees, 47 
Contractures 

arthrogenic, 746 
formation, 745 

during immobilization, 745-746 
myogenic, 435, 465-467, 491, 746 
soft tissue, 746 
types, 746 
Control mode, 599 
Control systems 
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above-elbow prostheses, 57-58 
below-elbow prostheses, 54-56 
humeral neck amputation prostheses, 60 
myoelectric prostheses, 65-67 
Contusions 
brain, 209 
lumbar, 386-389 
CONUS 

See Continental United States (CONUS) hospitals 
Conus medullaris, 168 
injuries, 193 

Conus medullaris syndrome, 170, 172 
Convalescent hospitals 
pre-World War II, 5 
Convalescent leave, 872 
Convergence system, 294 
Coping skills 

and vocational rehabilitation, 846 
Cordectomy, 192 
Corneal reflex, 302-303 

electrodiagnostic evaluation, 306-307 
Coronary artery disease 

in spinal cord injured patients, 184 
Corps of Invalids, 72 
Corficai blindness, 287, 291 
Corficosferoids 
for causalgia, 490 

for musculoskelefal injuries, 358, 361, 366-367, 374, 377 
See also specific drug 
Corlicotropin-releasing hormone, 217 
Cortisone, 542, 544 
Cosmetic covers 

for above-knee prostheses, 132 
for foof prosfheses, 117, 119 
for myoelecfric prosfheses, 68-69, 71 
Cosmetic prostheses 
hand, 43 

Costoclavicular syndrome, 501 
Cough, 333 

impaired, 182 
Coulter, John S., 5 
Coumadin, 183 

Council on Medical Education, 5 

Council on Physical Therapy (American Medical Association), 
22 

Counseling 

See Emotional counseling; Psychological support; Psycho¬ 
therapy 

Counterforce braces 
for epicondylitis, 374 
Courage 

as characferisfic of soldier, 846 
CP 

See Creatine phosphate (CP) 

CPAP 

See Continuous positive airway pressure (CPAP) 

CPM devices 

See Continuous passive motion (CPM) devices 
C-polymodal nociceptors (C-PMN), 484-485 
CPR 

See Cardiopulmonary resuscitation (CPR) 

Cramp 
heat, 819 

Cranial nerves (CN), 280 

anatomy and function, 280-281 
decompression, 280 

I. See Olfactory nerve 

II. See Optic nerve 


III. See Oculomotor nerve 

IV. See Trochlear nerve 

V. See Trigeminal nerve 
Vj. See Ophthalmic nerve 
Vj. See Maxillary nerve 
Vj. See Mandibular nerve 

VI. See Abducens nerve 

VII. See Facial nerve 

VIII. See Acoustic nerve 

IX. See Glossopharyngeal nerve 

X. See Vagus nerve 

XL See Accessory nerve 
XII. See Hypoglossal nerve 
Cranial neuropathies, 279-352 
causes, 280 

in comatose patient, 280 
incidence, 280 
prognosis, 280 
See also specific cranial nerve 
Creatine kinase (CK), 579 
Creatine phosphate (CP), 786-787 
Cricopharyngeus sphincter dilation, 329 
Cricothyroid muscle, 333 
Croatia, 28 
Crocodile tears, 312 
Cross-bridges, 783-784 
Crossed adduction maneuver, 371 
CRPS 

See Complex regional pain syndrome (CRPS) 

Crush injury 

carpal tunnel syndrome caused by, 510, 514 
Crutch ambulation 

for above-knee amputees, 126 
carpal tunnel syndrome caused by, 510-511 
by multiple amputees, 148 
for musculoskelefal injuries, 357 
patient education, 102-104, 106 
for spinal cord injured pafienfs, 178 
Crufch palsy, 503-504 
Cryofherapy 

for musculoskelefal injuries, 357-358, 371-373, 383 
CT 

See Computed tomography (CT) 

CTR 

See Carpal funnel release (CTR) 

CTS 

See Carpal funnel syndrome (CTS) 

Cubifal funnel, 514-515 
Cubifal funnel release, 519 
Cubifal funnel syndrome, 514, 516, 519 
Cultural values 

and counseling approaches, 849 
Cultured autologous kertinocite grafts, 591-592 
Cutaneous sensation 

and neurological evaluation of spinal cord injury, 169 
Cufhberfson, D. R, 742 
Cybex dynamometer, 635, 801 
Cyclanedelafe, 219 
Cycle ergomefry, 800, 802 
Cycling fesfs 

for anaerobic power, 801-802 
Cyproheptadine, 217 
Cysts 

epidermoid, 137 
Cytidene5' -diphosphocholine 
See CDP-choline 
Cytotec 

See Misoprostol 
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D 

Daily living skills 

See Activities of daily living (ADL) 

Dantrolene sodium, 217 
Deafferentation pain, 475 
Death 

accidental, 209-210 
exertion-related, 817 
Debridement 

burn wounds, 587-589, 597 
of devifalized tissues, 81, 135 
enzymatic, 588-589 
instruments, 587-588 
for pressure sores, 187 
See also Excision 
Decompression sickness, 166 
Deconditioning 

cardiovascular, 764-765 
prevention, 8-9, 81, 84, 126 
Deep brain stimulation 

for phanfom limb pain, 146 
Deep heating, 467, 746-747 
Deep peroneal nerve, 538 
Deep venous thrombosis (DVT), 183, 762-764 
differential diagnosis, 763-764 
prevention, 763-764 
versus pulmonary embolism, 763 
Degenerative arthritis 
in amputees, 142 
Degloving injuries, 37 
Dehydration, 819 

Dejerine's anterior bulbar syndrome, 340 

Deltoid aid, 639 

Dematomes 

for spinal cord injury evaluafion, 168 
Dementia 

immobility-related, 749 
Demerol, 495 
Demyelination 

See Conduction block 
Dendrites, 422-423 
Denervation 

end organ changes following, 431-436 
muscle changes following, 434-436 
Denervafion supersensifivity, 435-436, 456 
affer fraumafic brain injury, 213 
Dens fractures, 174 
Dental anesthesia 

ocular complications, 296 
Dentistry 

and oral contractures, 638 
role in medical evaluation board, 868 
Department of Defense (DoD) 
disabilify direcfives, 865 
Departmenf of Veferans Affairs 
See Veferans Administration 
L-deprenyl 

for traumatic brain injury, 214 
Depression 

after traumatic brain injury, 242, 245-246, 251-254 
in spinal cord injured patients, 196 
De Quervain's tenosynovitis, 376-377 
Dermapad, 670 
Dermatitis 

contact, 138-139, 668-669 
stasis, 137-138 
Dermis 


artificial, 592 
Desensitization 

of burn scar, 633-634 
hyperesfhetic, 472-473, 491^92, 495 
Desipramine, 219, 476 
Detraining, 808-809 
Detrusor-sphinctor dyssynergia 

in spinal cord injured patients, 193-194 
DEXA 

See Dual photon x-ray absorptiometry (DEXA) 
Dexamethasone, 315, 377 
Dextroamphetamine, 214-215 
Diabetes mellitus 

in spinal cord injured patients, 185 
Diabetic ischemic neuropathy, 296 
Diarrhea, 333 
Diathermy, 467, 746-747 
microwave, 746 
ultrasound, 467, 746-747, 758 
Diazepam, 213 
Didronel, 221 
Dietary considerations 
See Nutrition 
Dietary fiber 

for immobilized patients, 753 
Dietitians, 22-23 
Dietrick, J. E., 742 
Differential amplification 
electrodiagnostic, 451-452 
Digital control systems 

for myoelectric prostheses, 65 
Digital neuropathies, 543-545 
anatomic considerations, 543 
clinical presentation, 544 
differential diagnosis, 544 
electrodiagnosis, 544 
etiology, 543-544 
treatment, 544-545 
Digits 

See Fingers 

Dihydroergotamine, 219 
Diltiazem, 479 
DIP disarticulation 

See Distal interphalangeal (DIP) disarticulation 
Diphosphonate EHDP, 748 
Diplopia, 297 

management, 299-300 
Disability event 

adaptive stages to, 847-848 
Disability ratings, 873-875 
Disability Rating Scale, 224 
Disarticulation 

and residual limb / prosthesis interface, 89 
See also specific type of disarticulation 
Discography, 381 
Disks 

herniations, 381 
internally disrupted, 380 
Disk space 

narrowing, 380 
Dislocations 

anterior interosseous syndrome caused by, 508-509 
brachial plexopathies caused by, 497, 499 
neuropathies associated with, 440-443 
pronator teres syndrome caused by, 506-507 
Disodium diphosphonate, 748 

Disodium ethane-l-hydroxy-l,l-diphosphonate, 748 
Distal interphalangeal (DIP) disarticulation, 37 
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Distal metatarsal amputations, 85 

Division of Special Hospitals and Physical Reconstruction, 
830-831 
Dizziness, 319 
Docusate sodium, 753 
DoD 

See Department of Defense (DoD) 

Dopamine, 219 
Dopamine agonisfs 

for traumatic brain injury, 213-215, 217, 220-222 
See also specific drug 
Doppler ultrasonography 
color-flow, 763 
Dorrance hooks, 53 
Dorsal cord stimulation 

for phantom limb pain, 146-148 
Dorsal root entry zone (DREZ) lesioning, 146, 148, 192 
Dorsal root ganglia, 167-168 
Dorsal scapular nerve, 496 
Dorsiflexion assist orthosis 
spring wire, 715 
Dorsiflexion (anterior) stops 

on ankle-foot orthoses, 715-716, 718-720, 723 
on knee-ankle-foot orthoses, 729 
Double-stopped ankle joint, 716 
Dow Corning prosthetic foam, 670 
Dow Corning silicone gel sheeting, 669-670 
Downey Hand Center, 472-473 
Doxepin, 476-477, 492 
Dressing 

adaptive aids, 679-680 

See also Activities of daily living (ADL) 

Dressings 

biological, 592-593 

for burn wounds, 582, 587, 592-594, 600, 632 

calcium alginate, 594 

clear film, 594-595 

hydrocolloid, 594 

local compression, 357 

for lower extremity amputations, 84, 87-88, 94, 96-100, 
102-106, 124-125 
postgraft changing, 626-627 
for pressure sores, 187 
rigid, 87-88, 96, 99 
for skin grafts, 591-594, 626-627, 629 
soft, 96, 125 
synthetic, 593-594 

for upper extremity amputations, 48-50 
See also Immediate postoperative rigid dressing (IPORD); 
specific type of dressing 
DREZ lesioning 

See Dorsal root entry zone (DREZ) lesioning 
Drinking 

adaptive devices, 619-620 
Driving 

adaptive aids, 54, 64, 178-179, 682 
and brain injured patients, 227 
Dual-control cable 

for upper extremity prostheses, 57-60 
Dual photon x-ray absorptiometry (DEXA), 799 
Duane's retraction syndrome, 296 
Duoderm, 594, 656, 662, 673 
Durnin-Womersley equations, 797-798 
DVT 

See Deep venous thrombosis (DVT) 

Dycem, 620 

Dynamic constant resistance 
See Isotonic exercises 


Dynamic response feet, 92, 115-120, 127 
Dynamic splinting, 747 
Dynamic strength 
measurement, 802 
Dynamometer, 802 
Cybex, 635, 801 
isokinetic, 802-803 
Dysarthria, 312, 340-341 
Dysautonomia 
central, 211 
Dysesthetic pain, 475 
Dysgeusia, 311 
Dyskinesias 

after traumatic brain injury, 221 
Dysosmia, 283, 285 
Dysphagia, 332, 334-335 

after traumatic brain injury, 222 
Dysphonia, 332 
Dysreflexia 

autonomic, 183-184 
Dystonia 

after traumatic brain injury, 220 
Dysvascular amputees 
bilateral, 149 
residual limb pain, 139 

E 

Ear 

anatomy, 315-317 

burn injury positioning concerns, 608 
prosthetic, 655 

Early recovery management programs (ERMPs) 
for brain injured patients, 226, 236 
Eccentric contractions, 783, 813 
Ectopic bone 

in residual limb, 139-140 
ECU 

See Environmental control unit (ECU) 

Edema 

after peripheral neuropathy, 470-471, 491^92, 496 
in burn patients, 587, 600, 606, 655-674 
physiology, 470 

prevention, 88, 104-106, 124-125 
pulmonary, 584-585, 820 
stump, 134, 138 
Edema-sleeves, 658 

Edinger-Westphal nucleus, 286, 291-292 
Education 

See Patient education; Family education 
Educational experiences 

and vocational assessment, 851 
EEC 

See Electroencephalography (EEC) 

Efferent fibers 

in cranial nerves, 281 
Elastic abdominal binders 

for spinal cord injured patient, 182, 184 
Elastic bands 

for below-elbow prosfheses, 55 
Elastic digi-sleeves, 658 
Elastic hoods, 650 
Elastic sport garments, 665 
Elastic stockinettes 

for amputations, 48-50, 94, 97, 125 
Elastic stretch, 465 
Elastic tubular supports, 658-660 
Elastic wrapping 
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for burn patients, 601, 606, 610-611, 613, 615, 630, 645, 656, 
658-660 

for lower extremity amputations, 87-88, 94, 96-98, 103- 
105, 124-125 

for upper extremity amputations, 48-50 
Elastin, 355 

Elastogel, 667, 669-670 
Elastomers 

in orthotic inserts and overlays, 670 
Elastomer silicone shoe inserts, 642-643 
Elbow 

contracture prevention, 47 
cubital tunnel at, 514-516, 519 
immobilization orthoses, 630 
positioning for burn injuries, 610 
scar compression, 672-673 
ulnar nerve injury at, 514-519 
Elbow disarticulation, 44 
prostheses, 44 
surgical procedures, 46 
Elbow disorders, 372-376 
rehabilitation, 376 
Elbow flexion test, 515 
Elbow-locking cable 

for upper extremity prostheses, 57-60 
Elbow orthoses, 639 
functional, 713 
static, 713 
support of, 713-715 
Elderly 

skin graft sites, 595 
Electrical arc, 578 
Electrical burns, 578-579 

combined with thermal injuries, 578-579 
treatment, 591-592, 595, 691-692 
Electrical motor 

as orthotic power source, 705, 708-709 
Electrical muscle stimulation 

for peripheral nerve injuries, 481 
Electrical stimulation 

for cranial neuropathies, 315 
for edema control, 470-471 
for musculoskeletal injuries, 358-359, 374, 383 
for peripheral nerve injuries, 479^81 
for spinal cord injured patients, 192 
See also Transcutaneous electrical nerve stimulation 
(TENS) 

Electrical stimulators 

implantable functional, 179 
Electrocochleography, 322 
Electrodes 

electrodiagnostic, 453 

electroencephalographi, 284-285 

electromyographic, 453-454 

ground, 453 

myoelectric, 65, 67 

needle, 453 

surface, 453, 456^57 

transcutaneous electrical nerve stimulation, 480 
Electrodiagnosis, 11-12 

of accessory neuropathies, 338 
of acoustic neuropathies, 322-323 
amplification, 451-452 
of anterior interosseous syndrome, 509 
of anterior tarsal tunnel syndrome, 539 
of brachial plexopathies, 498-500 
of carpal tunnel syndrome, 512-513 
classes of disorders detectable by, 448 


of cold-induced nerve injuries, 445^46 
in compartmental syndromes, 440 
and determination of injury severity, 459-462 
of digital neuropathies, 544 
electrodes, 453 

of facial neuropathies, 314-315 
of femoral neuropathy, 526-527 
filters, 452^53 

of foot and ankle nerve injuries, 531 
general principles, 448 
of glossopharyngeal neuropathies, 328 
history, 420 

of hypoglossal neuropathies, 340-341 
instrumentation, 450^53 
of ischemic nerve injuries, 440 
limitations, 464-465 
localization with, 461-463 
of lumbosacral plexopathy, 523-524 
of oculomotor neuropathies, 299 
of olfactory neuropathies, 284-285 
of peripheral nerve injuries, 448^65 
of peroneal neuropathy, 529-530 
of posterior interosseous nerve entrapment, 505 
of pronator teres syndrome, 508 
of radial neuropathy, 503 
recovery monitoring with, 460, 463^64, 468 
of residual limb pain, 142 
of sciatic neuropathy, 525-526 
of superficial peroneal neuropathy, 541 
of supracondylar process syndrome, 506 
of sural entrapment neuropathy, 543 
of tarsal tunnel syndrome, 535 
of thoracic outlet syndrome, 501-502 
timing of, 460-461 
of trigeminal neuropathies, 305 
of ulnar neuropathy, 514, 517-519, 521-522 
utility of, 459-465 
of vagus neuropathies, 333-334 
See also specific instrument 
Electroencephalography (EEG) 

in olfactory nerve injuries, 284-285 
Electrogustometry, 314 
Electrolyte homeostasis, 750 
Electromechanical digitization 
for socket design, 121, 130 
Electromyography (EMG), 453-458 

in anterior interosseous syndrome, 509 

in brachial plexopathies, 499 

in carpal tunnel syndrome, 512-513 

and determination of injury severity, 459-462 

electrodes, 453-454 

in femoral neuropathy, 527 

filter settings, 452 

in foot and ankle nerve injuries, 531 

in hypoglossal neuropathies, 340-341 

insertional activity, 454 

instrumentation, 450^53 

of laryngeal nerves, 330, 333-334 

limitations, 464-465 

in lumbosacral plexopathy, 523 

at maximal contraction, 458 

at minimal contraction, 456 

motor unit electrical morphology, 456-457 

motor unit recruitment, 457-458 

in peroneal neuropathy, 530 

in posterior interosseous nerve entrapment, 505 

in pronator teres syndrome, 508 

recovery monitoring, 463-464 
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at rest, 454^56 
in sciatic neuropathy, 525 
in supracondylar process syndrome, 506 
in ulnar neuropathy, 519 
See also Nerve conduction studies (NCS) 
Electronystagmography (ENG), 322 
Electrophysiologic assessment 
of spinal cord injury, 173 
of traumatic brain injury, 211 
Electroretinography (ERG), 290 
Electrotherapy, 830 
Elevation 

See Antigravity positioning 
El Salvador, 28 
Elset wrap, 658-659 
Emergency medical care 
burn injuries, 583-585 
spinal cord injury, 162 
traumatic brain injury, 225 
EMG 

See Electromyography (EMG) 

Emotional counseling 

for brain injured patienfs, 227-228 

for burn patienfs, 596, 623-626, 631, 633, 683-684 

cultural concerns, 849 

group, 849 

for hearing-impaired patients, 325 

for immobilized patienfs, 750 

in inferdisciplinary feam management, 832 

for lower extremity amputees, 84, 88, 101, 125, 133-134 

resistance to, 850 

for spinal cord injured patienfs, 180, 195-196 
for upper exfremity amputees, 47, 52 
in vocational rehabilitation, 848-850 
See also Psychological support; Psychotherapy 
Emotional needs 

following injury, 847 
Emotional reaction 

to war-related injuries, 846-848 
Emotional sequelae 

of traumatic brain injury, 238-239, 243-246, 253 
Endocrine adaptation 

in resistance training, 810 
Endocrinologic complications 
of immobility, 750-751 
of spinal cord injury, 185 
Endoneurium, 427 
transection, 430-431 
End organ changes 

following denervation, 431-436 
Endurance 

See Aerobic power; Anaerobic power 
Energy expenditure for walking 
with ankle-foot orthoses, 723-724 

at different levels of lower extremify amputations, 92-93 
with functional electrical stimulation, 733 
of hemiplegic ambulation, 723 
with knee-ankle-foot orthoses, 729 
measurement, 723 
by multiple amputees, 149 
of normal ambulation, 724 
of paraplegic ambulation, 731 
with reciprocating gait orthoses, 732 
by spinal cord injured patients, 178 
of wheelchair locomotion, 731 
Energy needs 

of burn patienfs, 684-686 
Energy transfer 


in exercise, 787-788 
Energy transformation 
within muscle, 786 
ENG 

See Electronystagmography (ENG) 

Enteral feeding 

of burn patienfs, 602, 687-688 
Entrapment syndromes 

of foof and ankle, 531-545 
lower exfremify, 522-531 
upper extremity, 496-522 

See also Gompression neuropathy; specific nerve 
Environmental control systems 
adaptive devices, 621 
Environmental control unit (EGU) 

for spinal cord injured patienfs, 177, 179 
Environmental stimulation 
and comatose patient, 236 
Enzymatic debridement, 588-589 
Ephedrine sulfate, 184 
Epicondylar muscles 
stretching, 373 
Epicondylitis, 355, 372 

differential diagnosis, 372 
lateral, 372-374 
medial, 372-374 
rehabilitation, 373-374 
Epidermoid cysts 

on residual limb, 137 
Epidural anesthesia 
for lumbar pain, 382 
for residual limb pain, 142, 147 
Epilepsy 

posllraumatic, 221 
Epineurium, 427 
transecfion, 431 
Epluchage, 597 
Equinus deformities, 83 
ERG 

See Electroretinography (ERG) 

Ergometry 

cycle, 800, 802 
Ergot alkaloids 

for traumatic brain injury, 215, 219 
See also specific drug 
ERMPs 

See Early recovery management programs (ERMPs) 
ERTL procedure 

for lower extremity amputation, 95-96 
Esophageal dysfunction, 333 
Esophageal manometry, 334 
Ethacrynic acid, 750 
Ethical issues 

with traumatic brain injury, 235 
Ethnic groups 

counseling concerns, 849 
Etidronate disodium, 221, 748, 750 
Etiracetam, 219 
Evoked potentials 
gustatory, 314 
olfactory, 284 
trigeminal, 307-308 
visual, 290-291 
Excision, 587-588, 597 
to fascia, 588 
instruments, 587-588 
tangential, 587-588 
Exercise(s) 
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acute responses to, 791 

for burn patients, 596-597, 602-606, 627-628, 635-637, 652- 
653 

cardiovascular function during, 789-792 

energy generating systems for, 782 

energy transfer in, 787-788 

for immobility complications, 744, 765 

for lower extremify amputees, 88, 102-103, 123, 125 

medical problems associated with, 814-820 

mental concentration during, 635 

for musculoskeletal injuries, 355, 358, 383-385, 387-389 
for peripheral neuropathy, 469-470, 492, 495-496 
physiological principles, 787-792 
pulmonary function during, 788-789, 801 
for spinal cord injury, 167 

See also Physical capacity for exercise; Physical training; 
specific type of exercise 
Exercise intolerance 

in immobilized patients, 765 
Exertional rhabdomyolysis, 818 
Exidine 

See Chlorhexidine 
Exophthalmus, 297 
Exoskeleton prostheses, 132 
Expectancy 

principle of, 623 
Explosions 

burns caused by, 581 
Extension exercises 

for musculoskeletal injuries, 383 
Extensor spasms 

in spinal cord injured patients, 190-191 
Exteroceptive sensations 
phantom limb, 143 
Eye closure 

reflex, 313-314 
Eyelid muscles 
innervation, 294 
Eye movement 

clinical evaluation, 299 
muscular control, 293-294 
supranuclear control system, 294 
Ezeform, 617 

F 

Facial dyskinesis, 312 
Facial exercise program 
for burn patienfs, 653 
Facial movement 

innervation, 310-311 
testing, 312-313 
Facial myokymia, 314-315 
Facial nerve, 308-315 

anatomy and function, 308-311 
Facial neuropathies, 311-315 
electrodiagnosis, 314-315 
evaluation, 312-314 
management, 315 
prognosis, 315 
symptoms and signs, 312 
syndromes, 311-312 
Facial orthoses 

compression inserts, 650 
fitting, 652-655 
immobilization, 630 
transparent, 638, 650-655 
wearing instructions, 651-652, 655 


Facial pain, 304, 308 
Facial paralysis, 311-312 
Facial scars 

camouflage makeup, 673, 690 
management 638 
plastic surgery strategies, 692-693 
FAD 

See Flavin adenine dinucleotide (FAD) 

See McMaster Family Assessment Devise (FAD) 
Fading 

of phantom limb sensation, 143 
Falklands War, 443 
Family 

role in interdisciplinary team, 833 
Family Adaptability and Cohesion Scales, 254 
Family assessment 

in vocational rehabilitation, 853-854 
Family education 

after brain injuries, 227-228, 231, 245, 254 
after burn injury, 601-602, 624 
after spinal cord injury, 180 
Family Environment Scale, 254 
Family Needs Questionnaire (FNQ), 254 
Family outcome 

after traumatic brain injury, 250-255 
Famotidine, 754 
Fascia 

excision to, 588 
graft adherence on, 588 
Fascicular composition 

of peripheral nerves, 426-427, 435, 438-439, 442 
Fasciculation potentials, 455 
Fasciitis, 355 

plantar, 400-401 

Fast twitch (type 2) fibers, 784, 802, 809 
Fat 

See Body fat 
Fat-free mass, 792 

correlation between body strength and, 795-796 
Fatigue 

muscle, 786 
Fat intake 

and burn injuries, 687 
FDA 

See Food and Drug Administration (FDA) 

Fecal impaction 

in immobilized patients, 753 
in spinal cord injured patients, 185 
Feeding 

adaptive devices, 619-620, 676-677 
Felbamate, 222 

Femoral neck stress fractures, 397 
Femoral nerve, 526 
Femoral neuropathy, 526-527 
anatomic considerations, 526 
clinical presentation, 527 
electrodiagnosis, 526-527 
etiology, 526-527 
treatment, 527 
Fenfluramine, 217 
Fentanyl (Fentaugh), 622 
Fertilify 

in spinal cord injured patienfs, 194-195 
FES 

See Functional electrical stimulation (FES) 
Fiberglass cast material, 48, 53, 97-100 
Fiberglass orthoses, 617 
Fibrillation potentials, 454, 494 
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quantification, 455 
Fibrillations, 454 
Fibroblasts 

and hypertrophic scar formation, 644 
Fibula 

excess length, 140 
hypermobile, 140 
stress fractures, 397 
Fifth ray amputations, 86 
Figure-8 clavicle strap, 638-639 
Figure-8 elastic bandage wraps, 656 
Figure-8 harness, 55-58 

Figure-8 wrapping technique, 88, 104-105, 125 
Filters 

electrodiagnostic, 452-453 
Finances 

and brain injured patients, 229 
and spinal cord injured patients, 180 
Finger extension attachments 
for hand orthoses, 705-706 
Finger prostheses, 39 
extension, 39 
fabrication, 39 
See also Thumb prostheses 
Fingers 

lengthening procedures, 36 
pollicization, 36-37 
scar compression, 671 
single amputation, 37 
See also Digital neuropathies 
Finger splint, 615 
Finger wraps, 613 
Finkelstein's test, 376 
Finnish War, 15 

First Conference of the International Federation of Automatic 
Control, 65 
Fish-mouth flaps 

for transfemoral amputation, 124 
Fitness 

See Aerobic power; Physical fitness 
Fitzsimons Army Hospital, Colorado, 10, 52, 80, 148-149 
Fixation 

for limb length preservation, 95 
Fixed ankle orthoses, 734-735 
Flame burns, 577 

Flavin adenine dinucleotide (FAD), 786 
Flex Foot, 116-117, 120 
variants, 117-119 
Flexibility 

decreased, 358-359 
as risk factor for injury, 817 
Flexibility exercises 

for musculoskeletal injuries, 356, 359, 367-369, 386-387, 
395 

Flexicare bed, 757 
Flexion exercises 

for hamstring strain, 391-392 
Flexor hinge hand orthoses, 707-709 
external power-driven, 708-709 
passive prehension, 709 
shoulder harness-driven, 708 
wrist extensor-driven, 707-708 
Flexor pollicis longus tendon rupture / entrapment, 508-509 
Flexor spasms 

in spinal cord injured patients, 190 
Flex Sprint, 117-118 
Flex Syme's foot, 91, 117-118 
Flex Vertical Shock Pylon, 117, 119 


Flex Walk, 117-118 
Fluid intake 

during immobilization, 751 
Fluid resuscitation 

average requirements, 585 
for burn shock, 585-587 
typical programs, 586 
Flunarizine, 222 
Fluoride, 748 
Fluoroscopy 

swallowing study, 327-328 
Fluoxetine, 215-217, 220, 476 
Fluvoxamine, 216 
Flynn phenomenon, 299 
FNQ 

See Family Needs Questionnaire (FNQ) 
Foam finger pressure wraps, 615 
Foam rubber 

in finger prostheses, 39 
for residual limb padding, 61 
Follicular hyperkeratosis 
of residual limb, 137 
Food and Drug Administration (FDA) 
drug approval, 214 
Foot 

arch height, 817 

musculoskeletal disorders, 395-401 
nerve injuries, 531-545 
positioning for burn injuries, 611 
scar compression, 676 
Foot amputations 

See Partial foot amputations 
Foot blisters, 818 
Foot fractures 
stress, 397 
Foot orthoses 

for burn injuries, 631, 641-643 
for superficial peroneal neuropathy, 542 
Foot prostheses, 89-92 

in above-knee prostheses, 127 
in below-knee prostheses, 97-100, 110, 113 
dynamic response, 92, 115-120, 127 
multiaxis, 114-115, 120 
multiflex, 114-115 
selection, 120 
single-axis, 113-114 
See also specific type of prosthesis 
Footwear 

as risk factor for injury, 817 
Forced vital capacities (FVCs), 181 
Forearm 

scar compression, 673 
strengthening exercises, 376 
Forearm orthosis 

with friction joints, 712 
Forefoot amputation, 82 
Forequarter amputations, 43^5 
prostheses, 59-60, 67 
Fort Sam Houston, Texas, 25 
Foster Kennedy syndrome, 287 
Foster turning frame, 186 
Fothergill's disease 
See Tic douloureux 
Four bar hydraulic knee joint, 128 
Fovea centralis, 286 
Foville's syndrome, 296, 311 
Fracture cast bracing, 735 
Fracture-dislocations 
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neuropathies associated with, 440-443 
spinal, 175 
Fractures 

brachial plexopathies caused by, 497, 499 
carpal tunnel syndrome caused by, 510, 513 
cranial neuropathies caused by, 280 
early ambulation after, 733-737 

interdisciplinary team management case study, 833-835 
lumbosacral plexopathy caused by, 523-524 
neuropathies associated with, 440-443 
posterior interosseous nerve entrapment caused by, 504 
pronator teres syndrome caused by, 506 
radial neuropathy caused by, 503 
sciatic neuropathy caused by, 525 
spinal, 173-175 

in spinal cord injured patients, 189 
stress, 396-397, 816-818 
ulnar neuropathy caused by, 516 
See also specific type of fracture 
Frankel grading 

of incomplefe spinal cord injury, 169-170 
Frasfec, 594 

Free flaps, 591-592, 691-692 
Free radicals 

and fraumatic brain injury, 212 
Freezing injury 

caused by volatile liquids, 577 
See also Cold exposure; Frostbite 
Fresnel lenses, 299 
Frey's syndrome, 303 
Friction feeder, 712 
Fricfion joinfs 

for above-elbow prostheses, 57 
Friedreich's afaxia, 217 
Frostbite, 123, 595-596, 637, 819-820 
See also Cold exposure 
Functional activities 
assistive devices, 682 

for burn patienfs, 596, 601, 607, 618-621, 631, 674-680 
See also Acfivifies of daily living (ADL) 

Funcfional adapfation complex, 356 
Funcfional assessmenf 

in fraumatic brain injury, 224 
in vocational rehabilitation, 852-853, 855 
Functional Assessment Inventory, 852-853 
Functional Assessment Measure, 224 
Functional biomechanical deficit, 356 
Functional capacity 

effect of immobilizafion on, 743 
Funcfional elecfrical stimulafion (FES), 606-607, 683, 709 
for bracing, 732-733 

energy expenditure for walking with, 733 
for immobilify complications, 743-745 
of peroneal nerve, 725-726 
Funcfional Invenfory Measure, 224 
Funcfional orfhoses 
shoulder / elbow, 713 
Funcfional oufcome 

after spinal cord injury, 170-173, 175-176 
after fraumafic brain injury, 211-212 
Funcfional substitufion 

affer fraumafic brain injury, 212 
Fundoscopy, 288 
Furacin, 582 
Furosemide, 750 
FVCs 

See Forced vital capacities (FVCs) 


G 

GABAergic agents 

for fraumafic brain injury, 213, 216, 219-220, 222 
Gabapenfin, 477, 490 
Gag reflex, 327, 332 
Gaif pattern 

with knee-ankle-foot orthoses, 729-731 
with metal ankle-foot orthoses, 718-720 
with plastic ankle-foot orthoses, 722-723 
with reciprocating gait orthoses, 732 
swing-through, 178 
Gait training 

for lower extremify amputees, 84, 88-89, 98, 102, 104, 106, 
126, 133 

for multiple amputees, 149 
Gait velocity 

at different levels of lower exfremify ampufafion, 92-93 
with functional neuromuscular stimulation, 733 
in hemiplegic ambulation, 724 
in normal ambulation, 724 
in paraplegic ambulation, 731 
in wheelchair locomotion, 731 
Gamma-vinyl GABA 

for fraumafic brain injury, 217 
Ganglionic blockade 
for causalgia, 489 
Gangliosides 

for cranial neuropafhies, 291 
for spinal cord injury, 167 
Gangrene 

after cold-exposure injury, 123 
Gasfric fluids 

hypersecrefion, 333 
Gasfric ulcers 

in immobilized pafienfs, 753-755 
Gasfrifis 

sfress, 184-185 

Gasfrocnemius-soleus muscles 
strefching, 398-399 
Gasfroinfestinal complicafions 
of immobilizafion, 752-755 
of spinal cord injury, 184-185 
Gaze sfabilizafion, 324 
GCS 

See Glasgow Coma Scale (GCS) 

Gender 

and liffing sfrengfh, 806 
and physical capacify for exercise, 803-804 
as risk factor for injury, 816 
See also Women; Men 
General Functioning Scale, 254 
Geniculocalcarine tract, 286 
Genitourinary complications 

of spinal cord injury, 162, 181, 193-194 
See also specific complication 
Genucenfric knee orfhoses, 736 
Genu recurvafum, 736 
Glasgow Assessmenf Scale, 224 
Glasgow Coma Scale (GCS), 211 
Glasgow-Liege Scale, 211 
Glasgow Oufcome Scale (GOS), 224, 237 
Glenohumeral joinf injuries, 370-371 
Glossopharyngeal breafhing (GPB), 182 
Glossopharyngeal nerve, 325-329 
anafomy and funcfion, 325-326 
Glossopharyngeal neuralgia, 326, 328-329 
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Glossopharyngeal neuropathies, 326-329 
electrodiagnosis, 328 
evaluation, 327-328 
imaging, 328 
management, 328-329 
prognosis, 328 
symptoms and signs, 327 
syndromes, 326-327 
Gloves 

external vascular support, 659, 667 
Isotoner, 616, 618, 658-659, 667 
Glucocorticoids 

for musculoskeletal injuries, 357-358, 364 
Glucose intolerance 

immobilization-induced, 750-751 
Glutamate, 212 

Glutamine supplementation, 687 
Glycerin suppositories, 753 
Glycolysis 

anaerobic, 787-788 
Goal setting 

and vocational rehabilitation, 847 
Goldthwait, Joel, 830 
Gordon Occupational Ghecklist, 854 
GOS 

See Glasgow Outcome Scale (GOS) 

Gottfried Medical, Inc., 665 
GPB 

See Glossopharyngeal breafhing (GPB) 

Gradenigo's syndrome, 296, 303 
Gradienf pressure, 471, 645, 667 

See also Vascular supporf garmenfs; specific type of garment 
Graefe disease, 296 
Granger, Frank B., 4 
Graph-life prosfhefic foof, 115 
Grasp 

orfhotic subsfifution for, 704-705 
Gray, Barbara, 23 
Gray maffer, 165-166 
damage, 165 

Greissinger foof prosfhesis, 114, 120 
Grenada, 23 
Grieving process 

in lower exfremify ampufees, 84 
Grooming 

adapfive devices, 620, 677-679 
Ground elecfrodes, 453 
Growfh cone, 432, 434 
Guanefhidine infusion, 490 
Gunshot wounds 

burns secondary to, 581 

cranial neuropathies caused by, 280, 287, 295-296, 326, 339 
spinal cord injuries caused by, 164-165 
traumatic brain injury caused by, 208-209 
See also Penetrating nerve injuries 
Gustatory evoked potentials, 314 
Gustatory hyperhidrosis syndrome, 312 
Gustatory sensation, 310-311 
Gustatory sweating, 333 
Gustometry, 312 
Guttmann, L., 9 
Guyon's canal, 514, 519-520 

compression injury at, 520-521 
lesions within, 522 

H 

Hairs 


coiled, 137 
Haldol, 220 
Hallucinations 
auditory, 319 
in burn patients, 631 
olfactory, 283 

Hallux valgus deformity, 85 
Halo skeletal traction, 630 

Halstead-Reitan Neuropsychological Battery, 195, 237 
Hamilton Rating Scale for Depression, 223 
Hamsfring injuries, 390-392 
Hand 

exfernal vascular supporf, 658-659 
positioning for burn injuries, 610 
scar compression, 672 
Hand ampufafions, 36-43 
cenfral, 40, 43 
classificafion, 40 
occupational therapy, 41 
rehabilitation, 37-38, 41-42 
Hand centers 

at military hospitals, 9 
World War II, 35, 38 

Hand continuous passive motion machine, 616-618, 640-641 
Hand contractures 
reduction, 709 
Hand controls 

for driving, 54, 64, 178-179 
Hand deformifies 

caused by burns, 614, 639 
Hand funcfion 

wifh myoelecfric prosfheses, 69 
Hand injuries, 376-378 
World War II, 35 
Hand orfhoses, 38, 704-709 

adaptive aid attachmenfs, 707 
affachmenf principles, 704-705 
basic opponens, 705-706 
for burn injuries, 611, 630-631, 639-641 
flexor hinge, 707-709 
grasp assisf, 704-705 
long opponens, 706-707 
power sources, 705, 708-709 
wifh radial exfension, 704-705 
reach assisf, 704-706, 710-713 
for specific functions, 705-707 
for ulnar neuropathy, 522 
Hand prehension patterns, 705 
Hand prostheses, 36, 38-43 
cosmetic, 43 

Hand reconstruction, 36-37 
after burn injuries, 692-693 
World War II, 35 
Hand splint 

short opponens, 705 
Hand terminal devices, 53, 70 
Hangman's fracture, 174 
Harness designs 

for upper exfremify prosfheses, 55-56 
Harris hemisling, 713 
Hassles Scale, 253 
HDL 

See High densify lipoprotein (HDL) 

Head injuries 

and alcohol use, 239-241 

associated with spinal cord injuries, 195 

versus brain injuries, 208, 231 
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cranial neuropathies caused by, 280, 286, 295, 303, 311, 317, 
326, 331, 336, 339 
incidence, 210 

olfactory dysfunction caused by, 282-283 
vertigo after, 319 
vocational rehabilitation, 856 
See also Traumatic brain injury (TBI) 

Head orthoses 

for burn pafienfs, 638 
See also Facial orfhoses 
Head scars 

managemenf, 645-655 
Head filf fesf, 299 
Healing 

delayed, 135 
Hearing aids, 324 

Hearing impairmenfs, 312, 318-319 
adapfive devices, 324 
causes, 318-319 
incidence, 318 
managemenf, 323-325 
prevenfion, 325 
Hearing loss 

conducfive, 318, 323-324 
sensorineural, 318, 324 
Hearing scofomas, 319-320 
Hearing threshold level (HTL), 318 
Heart rate (HR), 790 

exercise training based on, 790 
in immobilized patients, 764 
maximum, 790 
neural control, 790 
response to maximal exercise, 791 
Heat cramp, 819 
Heat exhaustion, 819 
Heating modalities 

used with stretching, 467, 746-747 
Heat injuries 

See Thermal injuries; Burn injuries 
Heat rash, 819 
Heat stress, 818-819 
Heat stroke, 819 
Heel cutoff 

reducfion of knee bending moment by, 717 
Heel pain, 536-537 
Heelstrike phase 

with metal ankle-foot orthoses, 717-720 
with plastic ankle-foot orthoses, 722-723 
Hematoma formation 
after amputation, 134 
Hemiinattention 

after traumatic brain injury, 220 
Hemipelvectomy, 124 
functional outcome, 83 
Hemiplegic ambulation 

energy requirements, 723-724 
Hemispatia neglect 

after traumatic brain injury, 220 
Hemodynamic changes 

after amputation, 137-139 
in immobilized patients, 764-765 
Hemorrhages 
punctate, 209 
Hemostasis 

in debrided wound, 588 
Henneman's size principle, 457 
Heparin, 183, 763-764 
Hering-Brewer reflex, 331 


Herpes zosfer, 296 
Herfzman, Carl, 8 
Heferograff 

porcine skin, 593 

Heferotopic ossification (HO), 188 
neurogenic, 221 
Hibiclens 

See Chlorhexidine 

High-altitude pulmonary edema, 820 
High density lipoprotein (HDL), 182 
Highet's grading system, 474^75 
High-threshold mechanoreceptors (HTM), 484 
Hill-Burton Act Amendments, 6 
Hindfoot amputations 

surgical technique, 86-87 
See also Tarsotarsal amputations 
Hines Veteran Administration Hospital, Chicago, 162 
Hinges 

for above-elbow prostheses, 56-57 
for below-elbow prosfheses, 53, 55 
sfep-up, 44, 53 
Hip 

positioning for burn injuries, 610, 631 
scar compression, 675 
Hip contracfures 

prevention, 101-102, 135 
in spinal cord injured patienfs, 189 
Hip disarticulation, 124 
functional outcome, 83 
socket design, 132-133 
surgical technique, 124 
Hip disorders, 389-392 
See also specific disorder 
Hip stabilization orthoses, 704 
Hip subluxation 

in spinal cord injured patients, 190 
Hirschberg reflex, 299 
Hispanics 

counseling concerns, 849 
Hisfaminej-recepfor anfagonisfs, 754 
HIV 

See Human immunodeficiency virus (HIV) 

HO 

See Heferofopic ossification (HO) 

Hoffman-Tinel sign, 430 

Hollisfer Odor Absorbenf dressing, 668 

Holmes-Adie syndrome, 287, 297 

Homan's sign, 763 

Home accessibilify aids, 681 

Home-based services 

for brain injured pafienfs, 228 
Home managemenf 

of burn patienf, 680-681 
Homograft skin, 593 
Hook terminal devices, 53, 70 
Horizontal segment 
of facial nerve, 309 
Horner's syndrome, 303, 340 
Hospifal 

vocational assessmenf in, 850-857 
vocafional rehabilifafion in, 846-857 
Hospifal discharge 

vocational rehabilifafion affer, 858-859 
Housekeeping 

adaptive aids, 681 
Housing 

for brain injured pafienfs, 227, 229 
for spinal cord injured pafienfs, 180, 196 
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HR 

See Heart rate (HR) 

HTL 

See Hearing threshold level (HTL) 

HTM 

See High-threshold mechanoreceptors (HTM) 
Hubbard tank, 597 
Hughlings-Jackson syndrome, 332 
Human immunodeficiency virus (HIV) 
disability cases, 881 
Humeral neck amputations, 44M5 
prostheses, 59-60 
Humeral rotation devices, 56-57 
Hydergine, 219 

Hydration status assessment, 751 
Hydrocephalus 

communicating, 211 
Hydrocolloid dressings, 594 
Hydrofluoric acid, 578 
Hydrogen-ion homeosfasis, 788 
Hydronephrosis 

in spinal cord injured pafienfs, 193-194 
Hydrosfatic weighing, 797-799 
5-Hydroxylryplophan, 217 
Hygiene 

residual limb, 84, 107-108, 134, 136 
Hypafix, 668 
Hyperacusis, 312 
Hyperalgesia, 482 
Hypercalcemia 

immobilizafion-induced, 750 
in spinal cord injured pafienfs, 185 
freatmenf, 750 
Hypercalcuria, 751 
Hyperemia 

nerve damage caused by, 443-444 
reacfive, 137 
Hyperesfhesia, 472 

Hyperesfhefic desensifizafion, 472M73, 491-492, 495 
Hypermefabolic-catabolic response, 684 
Hypermobile segmenfs 
lumbar, 380, 383 
Hyperosmia, 283 
Hyperpafhia, 482 
Hyperpigmenfafion 

of burn wounds, 605, 633 
of residual limb, 136 
Hyperplasia 

verrucose, 138 
Hyperpyrexia 

affer traumafic brain injury, 217 
Hyperreflexia 

aufonomic, 183-184 
Hypersensifivify 

denervafion, 435M36, 456 
Hyperfension 

in spinal cord injured pafienfs, 183-184 
Hyperfonicify 
definifion, 208 

in spinal cord injured pafienfs, 190-191 
See also Spasficify 

Hyperfrophic scars, 643-645, 655-674 
Hypervenfilation 
reflex, 789 
Hypnosis 

for burn pain management, 622-623 
for phanfom limb pain, 147 
Hypnotics 


for phantom limb pain, 146 
Hypogeusia, 311 
Hypoglossal nerve, 338-342 

anatomy and function, 338-339 
stimulation, 340-341 
Hypoglossal neuropathies, 339-340 
electrodiagnosis, 340-341 
imaging, 341 
management, 341-342 
prognosis, 341 
symptoms and signs, 340 
syndromes, 340 
Hyposmia, 283 
Hypotension 

orthostatic, 175, 177, 184 
Hypothermia, 819 

and traumatic brain injury, 213 
Hypoxic brain injury, 211, 234-235 

I 

lASP 

See International Association for the Study of Pain (lASP) 
IC 

See Infermiffent cafheferizafion (IC) 

Ice 

See Cryotherapy 

Icelandic-New York (ISNY) socket, 130 
Ileus 

in spinal cord injured patients, 184 
Iliotibial band (ITB) syndrome, 389-390 
Ilizarov technique 

of sfump lengfhening, 96 
Imaging sfudies 

in accessory neuropafhies, 338 
in glossopharyngeal neuropathies, 328 
in hypoglossal neuropathies, 341 
in musculoskeletal injuries, 381-382 
in oculomotor neuropathies, 299-300 
in olfactory neuropathies, 285 
in spinal cord injury, 163-164, 173, 175, 192 
in traumatic brain injury, 211, 225, 230-231 
See also specific type of study 
Imipramine, 476 
Immediacy 

principle of, 623 

Immediafe postoperative prosthesis (IPOP) 
advantages and disadvantages, 98 
construction, 96-98 

for lower exfremify ampufafions, 88, 96-98, 100, 124, 126 
for upper exfremify ampufafions, 48 
and wound breakdown, 99-100 
Immediate postoperative rigid dressing (IPORD) 
advantages and disadvantages, 99 

for lower exfremify ampufafions, 87-88, 96, 99, 103-106, 
124-126 

weight bearing, 99-100, 102 
and wound breakdown, 99-100, 135 
Immersion foot, 443M46 
Immobility complications, 741-777 
cardiovascular, 762-765 
endocrine, 750-751 

functional electrical stimulation for, 743-745 
gasfroinfesfinal, 752-755 
historical background, 742 
infegumenfary, 755-758 
management, 743-765 
metabolic, 750-751 
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monetary impact, 742 
musculoskeletal, 356, 359, 743-765 
neurologic, 748-750 
pathophysiology, 743 
Persian Gulf War, 742, 745, 756 
prevention, 8-9, 84, 101, 226 
respiratory, 758-762 
urinary tract, 751-753 
Vietnam War, 742 

See also Pressure sores; Contractures 
Immobilization 

for back injuries, 383 
complications caused by, 102, 135, 175 
contractures during, 745-746 

for musculoskelefal injuries, 358-359, 371-372, 378, 385 
poslgraff, 627, 629 
fherapeufic use, 743 
fypes, 743 

Immobilizafion orfhoses 
poslgraff, 629-631 

Immobilization osteoporosis, 747-748, 750 
Immobilization phase 

of wound care, 595-596, 625-631 
Impingemenf syndrome 

in spinal cord injured patienls, 189 
Inaclivily 

See Immobilization 
Incentive spirometry, 759-760 
Incontinence 

in spinal cord injured patients, 193 
Independent living 

for brain injured patienls, 227, 229 
for spinal cord injured patienls, 180, 196 
Indomefhacin, 354 
Inducfion Medical Form, 869-871 
Infanlry 

musculoskelefal injuries rale, 815-816 
Infecfion 

affer ampufafion, 134 
Inferior vena cava fillers, 183 
Inflamed joinfs 

immobilizafion of, 743 
Inflammafory reacfion, 354, 357 
Inhalation analgesics 
for burn patienls, 622 
Inhalation injury, 584-585, 598-599, 620 
Innervation 

muscular, 784-785 
vascular, 428 

Innervation ratio, 448-449 
Inserts 

for orfhoses, 650, 664-674 
Inspirafion 

factors affecfing, 181-182 
Insulin, 185 
Inlegumentary syslem 
See Skin 
Inlensily 

of framing, 807, 810, 812-813 
Inlerdigital neuromas, 544-545 
Inlerdigital web spacers, 615-616, 640, 642 
Inlerdisciplinary learn, 7, 829-844 
Army, 16 

case sfudies, 833-844 
in combal iheater, 8-9 
composilion of, 831-833 
concepf of, 6-7 

historical perspeclive, 830-831 


for lower exfremify ampufation, 81, 85, 89, 92, 101, 127, 
133, 147-148 

for spinal cord injury, 175, 180, 195 
for fraumatic brain injury, 208, 225-229, 255 
for upper exfremify ampufation, 47 
World War II, 9-10 

Interdisciplinary team conference, 830 
Interest assessment 

in vocational rehabilitation, 854-855 
Interest Check List, 854 
Interference paffern, 458 
Infermiffenf cafheferizafion (IC) 

in spinal cord injured patienls, 193 
Infermiffenf mandafory ventilafion mode, 599 
International Association for the Study of Pain (lASP), 481 
Inlerphalangeal (IP) joint 
amputation at, 37 
extension attachments, 706 
Interphalangeal (IP) joint stabilizers, 709 
Inter-potential interval (IPI), 463 
Interview 

for neurobehavioral assessment, 242-243 
for vocational assessment, 853 
Intracompartmental pressure, 440 
Intrafascicular derangement, 430 
Intrinsic bar 

long opponens splint with, 706-707 
Intubation 

of burn patienls, 584, 598-600 
Inversion sprains 
ankle, 397-399 
Invesligalion reporl 

line of duly (LOD), 868-869, 877 
lOMED, 66 
Ion channels 

cell membrane, 423-424 

Iowa Cify Buckner Microstomia Prevention Appliance (MPA), 
615-616 
IPI 

See Inter-potential interval (IPI) 

IPOP 

See Immediate postoperative prosthesis (IPOP) 

IPORD 

See Immediate postoperative rigid dressing (IPORD) 

Iraq 

See Persian Gulf War 
Ischemia 

residual limb pain caused by, 139 
Ischemic brain injury, 211, 234-235 
Ischemic cord injury, 166 
Ischemic neuropalhy 439-440 
Ischial containment sockets, 129-130 
Ischial weight-bearing orthoses, 734-735 
Ishihara's chart, 288 
ISNY socket 

See Icelandic-New York (ISNY) socket 
Isokinetic dynamometer, 802-803 
Isokinetic exercises, 813 

for musculoskelefal injuries, 360 
for peripheral neuropathy, 470 
Isokinetic fatigue test, 801 
Isometric contractions, 783 
Isometric exercises, 813 

for immobilify complications, 743 
for musculoskelefal injuries, 360, 362, 369, 371-374, 377 
for peripheral neuropathy, 469 
Isotoner gloves, 616, 618, 658-659, 666-667 
Isotonic compression gloves, 471 
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Isotonic exercises, 813 

for musculoskeletal injuries, 360, 362, 393 
for peripheral neuropathy, 469 
Israeli Defense Force 

combat injuries, 13-16, 72, 150, 162 
exertion-related deaths, 817 
stress fractures, 817 
Isshiki thyroplasty, 335 
ITB syndrome 

See Iliotibial band (ITB) syndrome 
Itching 

after burn injury, 633 

J 

Jackson's syndrome, 340 
Jacob's ladder effect, 578 
Jaeger cards, 288 
Jay cushion, 196 
Jay Medical Ltd., 196 
Jefferson fracture 
C-1, 173-174 
Jeltrate, 654 
Jitter, 463 
Job coach 

for brain injured patients, 248-250 
Job search assistance, 858 
Job site training/enabling 

for brain injured patients, 249 
Jobst custom stockings, 660 
Jobst Institute, Inc., 665 
Jobst Interim glove, 659 

Jobst Intermittent Compression Pump, 606-607, 682 
Jogger's foot, 534, 537 
Joint capsule tightness 

in spinal cord injured patients, 189 
Joint contractures 

prevention, 88, 101-102, 125-126, 135 
in spinal cord injured patients, 189 
Joint immobilizers 
prefabricated, 358 
Joint mobility, 387 

passive resistance, 172 
See also Range-of-motion exercises 
Joints 

burn injury-induced changes, 690 
inflamed, 743 
preservation, 83 
See also specific joint 
Jones, Sir Robert, 20 
Joule's law, 579 
Joystick control 

of wheelchair, 177 

Jugular foramen syndrome, 326, 332 

K 

KAFOs 

See Knee-ankle-foot orthoses (KAFOs) 

Kainate, 212 
Kanamycin, 591 
Kaneda instrumentation, 175 
Keloid, 644 

Kerlix, 600, 613, 630, 645 
Ketorolac, 495 

Kevlar shank-ankle-foot unit, 116 
Kevlar socks 

for foot prostheses, 116 
Keyboard usage 


adaptive aids, 681-682 
Kinaire bed, 604, 608, 628 
Kinaire foot cushion, 611 
Kinesiotherapist, 831 
Kinesthetic sensations 
phantom limb, 143 
Kinetic Concepts, 182, 186 
Kinetic sensations 
phantom limb, 143 
Kinnairbed, 186 
Kirk, Norman T., 38 

Kirkaldy-Willis' degenerative cascade, 379 
Kitchen activities 
adaptive aids, 681 
Klenzak-type ankle joint, 716-717 
Kling, 600, 630 
Kluver-Bucy syndrome, 222 
Knee 

bending moment at, 717, 723 
fixed/locked, 734-735 
joint salvage, 93, 123 
positioning for burn injuries, 610-611 
scar compression, 675 
valgus deformity, 736-737 
varus deformity, 736-737 
Knee alignment 

orthoses for, 736-737 

Knee-ankle-foot orthoses (KAFOs), 178, 726-733 
anterior stops, 729 
bilateral, 178, 731-732 
components, 726-729 
knee stabilization force, 726-727 
metabolic requirements, 729 
pelvic bands, 730-731 
reciprocating gait, 732 
Scott-Craig, 729, 732 
shear forces, 727-729 
standing balance, 730 
types, 726-727 
Knee cage designs, 736 

Knee continuous passive motion machine, 618 
Knee contractures 
prevention, 135 

in spinal cord injured patients, 189 
Knee disarticulation, 82, 122-124 
advantages, 122 
functional outcome, 83 
indications, 124 
prostheses, 83, 123 
surgical technique, 124 
Knee dislocations 

stretch neuropathies associated with, 440M41 
Knee disorders, 392-395 
ligament, 355, 392-395 
See also specific disorder 
Knee lock 

manual, 128 
Knee orthoses 
genucentric, 736 
Knee prostheses, 127-133 

biomechanically stable, 128 
brake mechanisms, 127-128 
classification, 128 
disarticulation, 83 
fabrication, 129-131 
polycentric (four-bar), 128 
single axis, 128 
sockets, 129-131 
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stability of, 127-128 
suspension, 131 
Knee shear 

with knee-ankle-foot orthoses, 727-729 
Knee stability 

with ankle-foot orthoses, 720, 723 
with knee-ankle-foot orthoses, 726-727 
Knuckle-bender orthosis, 709 
Korean War 

amputations, 134 
physical therapy, 22-23 
Krukenberg procedure, 64 
Krusen, Frank H., 5, 8 
Kuehlthau, Brunetta A., 22 
Kushion flex, 670 
Kuwait 

See Persian Gulf War 

L 

Labyrinthine segment 
of facial nerve, 309 
Lachman tesf, 392 
Lacrilube, 315 
Lacrimation 

dysfunction, 312 
Lactate threshold, 789 
Lactic acid accumulation, 787, 789 
Lamb's wool, 668 
Lamotrigine, 222 
Language disorders 

after traumatic brain injury, 222 
Larrey, Barron, 443 
Laryngeal nerves 

evaluation, 333-334 
muscles supplied by, 331 
paralysis, 331-332 
stimulation, 330 
Laryngoplasty, 335 
Laryngoscopy, 333 
Laser beam scanning 
for socket design, 121 
Latency, 459 
residual, 512 

Lateral geniculate body, 286, 289 
Lateral plantar nerve, 532-533 
branch-I entrapment, 536-537 
Lateral rotational treatment 

for pulmonary complications, 759 
Lawson General Hospital, Georgia, 35, 80 
L-dopa 

See Levodopa 
Leak speech, 181 
LE amputations 

See Lower extremity (LE) amputations 
Leave 

convalescent, 872 

Lebanese Givil War, 14-15, 482, 490 
Lecithin, 218 

Leeds anxiety and depression scales, 251, 253 
Legal issues 

with traumatic brain injury, 235 
Legal representation 

during physical disability review process, 875 
Leg amputations 

See Lower extremity (LE) amputations 
Leg disorders 

musculoskeletal, 395-401 


See also specific disorder 
Lehmann, Justus F., 6 
Levator palpebrae muscle 
innervation, 292-293 
Levodopa, 214-215, 219, 222 
Lichenification 

of residual limb skin, 136-137 
Lidocaine, 361, 372, 382, 513 
Liffing sfrength 

gender differences, 806 
measurement, 806 
Ligament injuries, 355, 392-394 
spinal, 173-174 
See also specific injury 
Ligament of Struthers, 506 
Ligamenfs 

function, 355 

resistance training-induced changes, 810 
Limb length preservation, 83, 95-96 
Limb salvage 

versus lower extremity amputations, 81-83, 122-123 
Line of duty (LOD) 

disability payments, 865 
investigation report, 868-869, 877 
Liners 

for prosthetic sockets, 107-108, 140-141 
Lingual nerve 

compromise, 304 
Lipid, 792 
Lipid intake 

and burn injuries, 687 
Lisfranc's amputations 

See Tarsometatarsal amputations 
Lisuride, 214-215 
Lithiasis, 751 
Lithium carbonate, 240 
LLB 

See Long leg braces (LLB) 

LMB finger pressure wraps, 612-613, 615, 658 

Load cells, 802 

Local anesfhetic blocks 

for phantom limb pain, 146 
Local flaps, 691 

Locked ankle orthoses, 734-735 

Lockjaw, 304 

LOD 

See Line of dufy (LOD) 

Longitudinal arch, 537 

medial plantar nerve entrapment at, 537-538 
Long leg braces (LLB), 733 
Long's Line, 129 
Long-term care facilities 

for brain injured patients, 226-227 
Long thoracic nerve, 496 
injury to, 498 
Lorazepam, 220 
Low-air-loss bed, 186, 757 
Low back pain, 11, 378-389, 857 
Lower extremity (LE) amputations, 79-159 
causes, 34 

complications, 134-148 
early, 122-123 

and energy expenditure for walking, 92-93 

indications, 122 

level selection, 83, 135 

versus limb salvage, 81-83, 122-123 

multiple, 148-149 

nerve recovery in, 82 
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patient education, 84, 101-102 
rehabilitation, 81-85, 93, 101, 106 
sensory feedback, 85, 93 
surgical procedures, 83-84 
World War II, 34-35 

See also Above-knee amputations (AKA); Below-knee 
amputations (BKA); specific type of amputation 
Lower extremity nerve injuries, 522-531 
See also specific injury 
Lower extremity orthoses, 704, 715-737 
See also specific type of orthosis 
Lower extremity prostheses 

long-term maintenance, 92, 106, 133-134 
postoperative fitting, 85 
psychological support, 84 

residual limb interface, 89, 96-97, 104, 107, 129, 131, 136- 
137, 142-143 

temporary, 84, 88, 96-100 
See also specific type of prosthesis 
Lower extremity scar compression, 675-676 
Lower respiratory tract infection 
in immobilized patients, 759 
Low load 

definition, 603 

Low threshold mechanoreceptors (LTM), 484 
Lumbar plexus, 522-523 
Lumbar radiculopathy, 379-381 
Lumbar spine 

contusions, 386-389 

Kirkaldy-Willis' degenerative cascade, 379 
muscle strain, 386-389 
pars interarticularis injury, 385-386 
posterior element pain, 384 
Lumbar spine disorders, 378-389 
classification, 378-382 
diagnosis, 378-382 
imaging, 381-382 
rehabilitation, 382-385 
Lumbar sympathetic blockage 
for causalgia, 489^90 
Lumbosacral plexopathy, 522-524 
anatomic considerations, 522-523 
clinical presentation, 523 
electrodiagnosis, 523-524 
etiology, 523 

Lumbosacral spine, 167-168 
injury, 169 

Lumbrical bar hand orthosis 
for ulnar neuropathy, 522 
Lund and Browder chart, 580 
Luria-Nebraska Neuropsychological Battery, 195 

M 

Maceration 

of residual limb skin, 136 
Macfarlane microstomia correction device, 638 
Macrophages 

role after denervation, 433 
Madigan Army Medical Center, Washington, 10-11 
Mafenide acetate, 582 
Magnesium depletion 

immobilization-induced, 750 
Magnetic resonance imaging (MRI) 
in cranial neuropathies, 285, 299, 341 
in musculoskeletal injuries, 381 
neuroma location with, 140 
socket design with, 121, 130 


in spinal cord injury, 163-164, 173, 192 
in traumatic brain injury, 225, 230 
Makeup 

for burn patienfs, 673, 690 
Mallet finger, 614 
Mandibular nerve, 300 

Mangled Extremify Syndrome Index (MESI), 82, 122-123 
Mannifol, 585 
Marcus-Gunn pupil, 290 

Mare Island Naval Hospital, California, 10, 52, 149 
Marine Corps 

body fat standards, 796-798 
Marital instability 

and brain injuries, 253-254 
and spinal cord injured patients, 196 
Martin-Gruber anastomosis, 517-518 
Massage 

desensitization with, 634 
external, 471 

for phantom limb pain, 147-148 
Massage and Therapeutic Exercise (McMillan), 21 
Masseter inhibitory reflex 

electrodiagnostic evaluation, 305 
Masseter reflex, 302 

electrodiagnosfic evaluation, 305 
Master knot of Henry 
See Longitudinal arch 
Mastication muscles 
paralysis, 304-305 
Mastoid segment 
of facial nerve, 309 
Maturation phase, 355 
Maxillary nerve, 300 
Maximum physiologic potential, 743 
Maximum voluntary isometric contraction (MVC), 744 
Mayo Clinic, 5, 9 
McCance, R. A., 742 
McCloskey General Hospital, 35, 80 
McGuire General Hospital, Virginia, 80 
MCL 

See Medial collateral ligament (MCL) 

McMaster Family Assessment Devise (FAD), 252, 254 
McMillan, Mary, 20-22, 830 
MCP joint 

See Metacarpophalangeal (MCP) joint 
MCVOST 

See Medical College of Virginia Olfactory Screening Test 
(MCVOST) 

Meatal segment 

of facial nerve, 309 
MEB 

See Medical Evaluation Board (MEB) 

Mechanical ventilation 
in burn patients, 599 
MEDCOM 

See Army Medical Command (MEDCOM) 

Medial antebrachial cutaneous nerve injury, 498-499 
Medial capsuloligamentous injuries, 374-376 
Medial collateral ligament (MCL), 393-394 
Medial cutaneous nerve, 496 
Medial plantar nerve, 532-533, 543 

entrapment at longitudinal arch, 537-538 
Medial tibial stress syndrome, 395-396 
Median nerve, 496, 506-507, 509-510 
Median neuropathy, 505-514 
case scenario, 491-493 
compression sites, 505-506 
orthotics, 640-641 
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Medical College of Virginia Olfactory Screening Test 
(MCVOST), 284 
Medical diagnoses 

and disability compensation evaluation, 872 
Medical Evaluation Board (MEB), 865-868 
establishment, 868 
membership, 868 

Narrative Summary (NARSUM), 868-872 
versus Physical Evaluation Board (PEB), 872 
Medical Force 2000 (MF2K), 28-29 
Medical history of patient 

in disability compensation evaluation, 868-869 
Medical treatment facilities (MTFs) 

brain injury rehabilitation centers, 225-226 
physical medicine and rehabilitation at, 9-16 
spinal cord injury treatment at, 163 
See also specific center 
Medicare/Medicaid, 6 
Medications 

See Pharmacologic therapy; specific medication 
Medroxyprogesterone acetate, 222 
Medulla, 790-791 
Megacolon 

in spinal cord injured patients, 185 
Melanocyte stimulating hormone (MSH), 218 
Mellaril, 220 
Membrane instability 
denervation, 435M36 
Membrane potential, 423-425, 449 

alteration following denervation, 436 
Memory function 

and neurotransmitter systems, 218 
and traumatic brain injury, 218, 230 
Men 

military body fat standards, 796, 798 
percent body fat values, 794 
physical capacity for exercise, 803-804 
reference body composifion values, 792 
Menace reflex, 313 
Mendez, Cristobal, 742 
Mental concentration 

during exercise periods, 635 
Mental status alterations, 230 
Meperidine, 495 
Mephanesin, 308 
Merthiolate, 632, 656 
Mesencephalon, 291-292 
Meshed skin grafts, 589-591, 644 
MESI 

See Mangled Extremity Syndrome Index (MESI) 
Metabolic requirements 
of burn patienfs, 684-686 
See also Energy expenditure for walking 
Metabolism 

effect of immobility on, 742, 750-752 
Metacarpals 

phalangization, 36 
Metacarpophalangeal (MCP) joint 
amputation at, 37, 42 
extension attachments, 705-706 
Metal orthoses 

ankle-foot, 715-720 
Metamucil 

See Psyllium hydrophilic mucilloid fiber 
Methadone, 495, 600, 622 
N-methyl D-aspartate, 212 
Methyldopa, 220 

Methylphenidate hydrochloride, 214-215, 219 


Methylprednisolone, 163, 167, 513 
Metropolitan Life Insurance tables, 793, 797 
Mexiletine, 146, 148, 477-478 
MF2K 

See Medical Force 2000 (MF2K) 

Microfoam fape, 670 

Microstomia correction devices, 638 

Microstomia Prevention Appliance (MPA), 615-616 

Microwave diathermy, 746 

Midazolam, 622 

Midfoot amputations, 85 

prosthetic fitting and training, 90 
surgical technique, 86 

See also Tarsometatarsal amputations; Transmetatarsal 
amputations 

Military history of patienf 

in disabilify compensation evaluation, 868-869 
Military Medical Retention Board (MMRB), 867 
Military Occupational Specialty-Military Medical Retention 
Board (MOS/MMRB), 867 
Military pensions 

See Physical disability system 
Military performance 

physical fitness and training for, 781-827 
Military populations 

body fat percentage values/standards, 794 
physical capacity for exercise, 803-806 
Military services 

body fat measurement methodology, 797-799 
body fat standards, 796-797 
physical disability system, 863-885 
weight control programs, 793, 796-797 
Millard-Gubler syndrome, 296, 311 
Mind-body connection, 846 
Mineral requirements 
of burn patients, 687 
Mini compartment syndrome, 540 

Minnesota Multiphasic Personality Inventory (MMPI-2), 195, 
239, 241, 244-245, 857 
Minority groups 

counseling concerns, 849 
Miosis 

in darkness, 299 
Misdirection syndrome, 299 
Misoprostol, 754-755 
Missile wounds 

brachial plexopathies caused by, 497 
spinal cord injuries caused by, 164 
traumatic brain injury caused by, 208-209 
Mithramycin, 750 
MMPI-2 

See Minnesota Multiphasic Personality Inventory (MMPI- 

2 ) 

MMRB 

See Military Medical Retention Board (MMRB) 

MMTN 

See Myelinated mechanothermal nociceptors (MMTN) 
Mobility training 

for lower extremify amputees, 84, 102 
Mobilization 

after spinal cord injury, 175 
See also Ambulation 
Mobius' syndrome, 296, 311 
Modular Flex Foot, 117-118 
Moleskin, 668 

Monopolar needle electrodes, 453 
Morphine, 217, 600 
Morphine sulfate, 495 


xlvi 


Volume 1: Pages 1-416; Volume 2: Pages 417-886 


Index 


Morton's toe neuroma, 543 
MOS/MMRB 

See Military Occupational Specialty-Military Medical 
Retention Board (MOS/MMRB) 

Motion Control, Inc., 66 
Motivation 

to recover, 846-847 
Motoneurons, 449^50, 784-785 
Motoneuron weakness 

after spinal cord injury, 167 
Motor cortex, 790 
Motor fitness, 782 
Motor function 

after peripheral neuropathy, 464-465 
and ulnar neuropathy, 516 
Motor unit, 448-449, 784-785 
activity duration, 456 
electrical morphology, 456^57 
recording phases, 456-457 
recruitment, 457^58, 785 
size, 448^49 
Motor unit potential 
amplitude, 457 
polyphasic, 456-457, 463-464 
Mouth 

positioning for burn injury, 609 
Moufh strefch 

for facial contracfures, 652 
Moufh-sfretching devices, 652-653, 655 
Movemenf disorders 

affer traumatic brain injury, 220-221 

MP 

See Myoelectric prostheses 
MPA 

See Microstomia Prevention Appliance (MPA) 

MRI 

See Magnetic resonance imaging (MRI) 

M.S. Contin, 622 
MSH 

See Melanocyte stimulating hormone (MSH) 

MTFs 

See Medical treatment facilities (MTFs) 

Mucomist 

See Acetylcysteine 
Muenster socket, 53 
Multiaxis foot prostheses, 114-115, 120 
Multidisciplinary approach 
See Interdisciplinary team 
Multiflex ankle/foof, 114, 120 
Multiple sclerosis, 296, 322 
Multireceptive neurons, 484 
Muscle 

denervation-induced changes in, 434-436 
Muscle(s) 

antagonist, 782 

artificial, 708-709 

confracfilify, 783-784 

energy stores, 787 

energy transformation within, 786 

fiber types, 784 

force development, 785 

immobility-induced ultrastructural changes in, 744-745 
innervation, 784-785 
oxidative capacity, 801 
and physical fitness, 792-799 
structure and function, 782-786 
Muscle atrophy 

after denervation, 435 


in burn patients, 606 
due to immobilization, 744-745 
Muscle fatigue, 786 
Muscle fibers 

classificafion, 784 
confracfile fension loss in, 786 
fasf fwifch (fype 2), 784, 802, 809 
slow fwifch (fype 1), 784 
strucfure, 783 
fype distribufion, 784 
Muscle hyperfrophy, 809 
Muscle mass 

and body weight, 793 

correlation between body strength and, 795-796, 803 
increase in, 793-794 
loss in, 794 
Muscle sites 

for myoelecfric prosfheses, 69 
Muscle soreness 
avoidance, 603 
Muscle sfrain 

lumbar, 386-389 
Muscle sfrength 
See Sfrengfh 
Muscle lone 

grading, 172, 208 
Muscular conlraction 
concenlric, 783 
eccenlric, 783 
isomelric, 783 
mechanism, 783-784 
neural conlrol, 784-786 
stalic, 783 
lypes, 782-783 
Muscular endurance 
See Anaerobic power 
Musculocutaneous flaps, 691-692 
Musculocutaneous nerve injury, 499 
Musculoskeletal disorders, 353-356 
components, 356-357 
diagnosis, 356-357 
exercise-associated, 814-817 
forward care, 8, 11-13, 24 
healing, 355-356, 358-360 
local effecl minimization, 357-358 
mechanisms, 354-355 
pathophysiology, 354-356 
Persian Gulf War, 11-13 
physical iherapy for, 20, 24 
rehabilifafion, 8, 11-13, 29, 356^01 
return to duty, 360 

in spinal cord injured patients, 188-189 
symptoms and signs, 355-356 
World War I, 354 
See also specific disorder 
Musculoskeletal system 

effect of immobilify on, 743-748 
Musfard, 578 
MVC 

See Maximum volunfary isomefric confraction (MVC) 
Myasthenia gravis, 296 
Myelin, 422-423 

Myelinated mechanothermal nociceptors (MMTN), 484 
Myelin debris removal 

role of macrophages in, 433 
Myelin sheath 

denervation-induced changes in, 433 
Myelin thickness 


Volume 1: Pages 1-416; Volume 2: Pages 417-886 


xlvii 


Rehabilitation of the Injured Combatant. Volume 2 


and conduction velocity, 449 
Myelograms, 381 
Myocardial infarction 
silent, 184 
Myoclonus 

after traumatic brain injury, 220-221 
Myocutaneous flaps 

for pressure sores, 187 
Myodesis, 95, 124 
definifion, 122 
versus myoplasfy, 122 
unbalanced, 140 
Myoelecfric elecfrodes, 65, 67 
Myoelecfric prosfheses 
above-elbow, 56 

advanfages and disadvanfages, 69, 71 

below-elbow, 53 

bilateral, 62 

componenfs, 67-68 

confrol sysfems, 65-67 

versus conventional prostheses, 68-71 

cosmetic covers for, 68-69, 71 

evaluation of candidates, 68 

hisfory, 65 

humeral neck, 59 

hybrid (myoelecfric and body-powered), 62 
rehabilifation issues, 68-69 
sensory feedback wifh, 67, 69 
for upper exfremify ampufations, 44-46, 65-69 
Ufah brand, 67-68 
Myoelecfric fesfing device, 69 
Myofibrils, 783-784 
Myofibroblasfs 

and hyperfrophic scar formafion, 644 
Myofilamenfs 

denervation-induced loss, 434-435 
Myogenic contractures, 746 

in denervated muscles, 435, 465-467, 491 
Myokymic discharges, 455 
Myoplasty, 95 
definition, 122 
versus myodesis, 122 
Myosin, 783-784 
Myositis ossificans 

See Heferofopic ossificafion (HO) 

Myofendinous confracfure 

in spinal cord injured patienfs, 189 
Myofomal levels 

for neurological evaluation of spinal cord injury, 169 

N 

NAD+ 

See Nicotinamide adenine-dinucleotide (NAD*) 
Naftidrofuryl, 219 
Naloxone, 216 
Naltrexone, 216-217 
Naprosyn, 492, 495 
Narcotics 

for musculoskeletal injuries, 364 
for phanfom limb pain, 146, 148 
for spinal cord injured pafienfs, 191-192 
Narrafive Summary (NARSUM) 

Medical Evaluation Board (MEB), 868-872 
National Center for Medical Rehabilifation Research, 6 
National Head Injury Foundation (NHIF), 227 
National Institutes of Healfh, 6 
obesify definifion, 793, 797 


Navy 

body faf sfandards, 796-798 
disabilify system, 883-884 
obesify definifion, 793, 797 
physical fherapy services, 25-26 
Neck 

confracfure prevenfion, 630, 638, 649-652 
passive sfrefches for, 362 
positioning for burn injuries, 609 
scar managemenf, 645-655 
sfrengthening, 362 
Neck and tongue syndrome, 303 
Neck injuries, 361-363 

cranial neuropafhies caused by, 280, 336 
See also specific injury 
Neck orfhoses, 630, 638, 650-652 
Necrosis 

after ampufation, 135 
Necrotic muscle 
leff in wound, 81 
Needle elecfrodes, 453 
concenfric, 453 
monopolar, 453 
single fiber, 453 
Negative feedback loop 

in musculoskelefal injuries, 357 
Neoprene, 670 
Nerve blocks 

for lumbar pain, 382 
for residual limb pain, 147 
Nerve conduction block 

eleclrodiagnosfic findings, 460-461 
Nerve conduction studies (NCS), 458M59 
in accessory neuropathies, 338 
action potential duration, 459 
amplitude, 459 

in anterior interosseous syndrome, 509 
in brachial plexopathies, 498-500 
in carpal tunnel syndrome, 512-513 
in compartmental syndromes, 440 
conduction velocity, 459 

and determination of injury severify 459-462 
elecfrodes, 453 

in facial neuropafhies, 314-315 
in femoral neuropathy, 526-527 
filter settings, 452 

in foot and ankle nerve injuries, 531 
in hypoglossal neuropathies, 340-341 
instrumentation, 450M53 
latency, 459 
limitations, 464-465 
localization with, 462 
in lumbosacral plexopathy, 524 
in peroneal neuropathy, 529-530 
in posterior interosseous nerve entrapment, 505 
in pronator teres syndrome, 508 
in radial neuropathy, 503 
recovery monitoring, 463-464 
in sciatic neuropathy, 525-526 
in superficial radial nerve compression, 505 
in sural entrapmenf neuropathy, 543 
in tarsal tunnel syndrome, 535 
timing of, 460-461 
in ulnar neuropafhy, 514, 517-522 
in vagus neuropafhies, 333-334 
Nerve conduction velocify calculation, 459 
effecfs of femperature on, 445 
and myelin fhickness, 449 
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Nerve entrapment 
peripheral, 192-193 
Nerve excitability studies 
in facial neuropathies, 314 
Nerve fibers 

myelinafed, 422^23 
unmyelinafed, 422-423 

Nerve impulse propagation, 424-425, 449^50, 785 
Nerve roof stimulation 

for thoracic outlet syndrome, 502 
Nerve tissue pressure thresholds, 438 
Nerve trunk pain, 475 
Nerve trunk transection, 431 
Neural adaptation 

in resistance training, 810 
Neural connection alterations, 212 
Neuralgia 

atypical, 280 
trigeminal, 280 
Neural membrane stabilizers 

for peripheral nerve injuries, 477^78, 490 
Neural recovery mechanisms, 212-213, 431-432 
Neural reserve 

and brain injury prognosis, 210 
Neuroanafomy, 422-423, 426-427 
Neurobehavioral assessment, 231, 237 
protocol, 242-244 

test interpretation and reporting, 244-245 
test selection and administration, 243-244 
theoretical rationale, 241-242 
Neurobehavioral programs 

for brain injured pafienfs, 228 
Neurobehavioral Rating Scale, 223 
Neurogenic heferofopic ossification 
affer traumafic brain injury, 221 
Neurogenic spinal arfhropathy 
See Charcof's spine 
Neuroimaging 

in fraumafic brain injury, 211, 225, 230-231 
Neuroleptics 

for phanfom limb pain, 146 
for fraumafic brain injury, 217, 220, 240 
Neurological complications 
of burn injury, 689-690 
of immobilify, 748-750 
of spinal cord injury, 189-193 
Neurological evaluation, 167-173, 195 
myofomal levels, 169 
segmenfal reflexes, 171-172 
sensory levels, 169 
Neurologic sfafes 
low level, 234-235 
Neuromas 

acoustic, 322 

in lower exfremify amputees, 122, 140 
and phanfom limb pain, 144, 146-147 
in upper exfremify ampufees, 61 
Neuromafrix theory 

of phanfom limb pain, 126, 145 
Neuromedical issues 

wifh fraumafic brain injury, 217, 222-224 
Neuromedical workup 
standard, 227 

Neuromuscular junction, 425, 450, 784-786 
failure, 460 

Neuromusculoskelefal conditions 
physical therapy for, 20, 24-26 
See also Musculoskeletal disorders; specific disorder 


Neuron, 422-423 

mofor, 449-450, 784-785 
mulfirecepfive, 484 
vascular supply, 427-428 
Neuronal reorganization, 212 
Neuronal signaling, 423^25 
Neuronal sparing, 212-213 
Neuropathic pain 
classification, 475 
management, 475^79 
Neuropathy 

diabetic ischemic, 296 
evaluation, 82 

Persian Gulf War, 11-14, 38, 80 

See also Cranial neuropafhies; Peripheral nerve injuries; 

Spinal cord injury (SCI); specific injury 
Neurophysiology, 212-213, 423-426, 448^50 
of peripheral nerves, 448-450 
Neuropraxia, 429 
Neuropsychological fesfs 

inferprefafion and reporfing, 244-245 
selecfion and adminisfrafion, 243-244 
See also specific test 
Neuropsychopharmacology, 214-222 
Neurosignature, 145 
Neurotmesis, 429 
Neurotoxic cascade 

after traumatic brain injury, 212-213 
Neurotransmitters, 425, 450, 785 

and traumatic brain injury, 212-213, 218 
NHIF 

See National Head Injury Foundation (NHIF) 
Nicardipine, 479 

Nicotinamide adenine-dinucleotide (NAD*), 786 

Nifedipine, 183-184, 479 

97lh General Hospital, Germany, 11 

Nitrofurantoin, 752 

Nitrogen balance equations, 688, 750 

Nitropaste, 183 

Nizatidine, 754 

NMS conditions 

See Neuromusculoskeletal conditions 
Nodes of Ranvier, 423 
Nonphysician healfhcare providers, 24-26 
See also specific type of provider 
Nonsteroidal antiinflammafory drugs (NSAIDs) 
adverse effecfs, 193 

for musculoskeletal injuries, 354, 357, 367, 383 
for peripheral nerve injuries, 478^79, 490 
for phantom limb pain, 145, 148 
for fraumafic brain injury, 221 
See also specific drug 
Noofropics 

for traumafic brain injury, 219 
See also specific drug 
Noradrenergic freatmenf 

for traumafic brain injury, 213, 220 
Norepinephrine, 212, 219, 476 

Normal shape, normal alignment (NSNA) socket, 129, 139 
Northwestern University, 5, 9 
Nortriptyline, 219, 476 
Nose 

positioning for burn injury, 609 
prosfhefic, 655 
Nose orfhosis, 655 
NSAIDs 

See Nonsteroidal antiinflammafory drugs (NSAIDs) 
N-fer-face, 591, 594 
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Numb cheek syndrome, 303-304 
Numb chin syndrome, 304 
Nurses 

role in interdisciplinary team, 832-833 
World War 11, 22 
Nursing 

during acute phase of burn injury, 596-607 
during immobilization phase of burn injury, 625-627 
during wound mafuration phase of burn injury, 632-635 
Nutrifion 

and ampufafion complications, 135 
and burn patients, 602, 684-689 
and cranial neuropathies, 285, 296 
and immobilization, 752, 754 
and pressure sores, 187 
Nutritional assessment 

of burn patienfs, 684-687 
of immobilized pafienf, 752 
Nutrifional moniforing 

of burn patienfs, 688-689 
Nutrifion care planning 

for burn patienfs, 687-688 
Nysfagmus, 319, 321 

o 

Oakland Naval Hospifal, 149 
Ober's fesf, 390 
Obesify, 793 

Navy definifion, 793, 797 
OBLA 

See Onsef of blood lacfafe accumulation (OBLA) 
Obstipation 

in spinal cord injured patients, 185 
Occulocardiac reflex, 333 
Occupafion 

and aerobic fifness, 804 

and disabilify compensafion evaluafion, 869-872 
and lower back pain, 378-389 
physical framing specific fo, 808, 814 
Occupafional fherapisfs 
Korean War, 23 

role in inferdisciplinary learn, 7, 831-832 
Occupafional iherapy 

for above-knee ampufees, 133 
in Army, 16 

for funcfional impairmenfs, 15 
history, 830-831 
importance of, 8-9 

for lower exfremify amputations, 84, 102 
for mild Iraumalic brain injury, 231 
for multiple amputees, 149 
for nerve injuries, 12 
for spinal cord injured palienls, 179-180 
for upper exfremify ampufations, 38, 41-42, 52 
See also Vocational rehabilitation 
Occupational Therapy Association, 831 
Ocular muscles 

innervation, 293-294 
Ocular neuromyotonia, 297 
Oculomotor nerve, 291-300 

anatomy and function, 291-295 
muscles innervated by, 293-294 
Oculomotor neuropathies, 295-300 
electrodiagnosis, 299 
imaging, 299-300 
management, 299-300 
symptoms and signs, 297-299 


syndromes, 296-297 
valuation, 299 
Odontoid fracture 
C-2, 174 
Odor 

from vascular supporf garmenfs, 656 
See also Smell 

Odor idenfification fesf, 283 
OEA 

See Operations, Evaluations, and Analysis Officer (OEA) 
Office of The Surgeon General (OTSG), 20, 22-23, 80 
Army Patienf Adminisfrafion Division, 27 
Recondifioning Division, 22 
OH 

See Orfhoslafic hypotension (OH) 

Ohm's Law, 451 
Olfacfomefer, 284 
Olfactory evaluafion, 283-285 
Olfactory evoked potentials, 284 
Olfacfory hallucination, 283 
Olfacfory nerve, 282-285 

anafomy and funcfion, 282-283 
Olfacfory neuropathies, 282-285 
electrodiagnosis, 284-285 
evaluation, 283-284 
imaging, 285 
incidence, 282 
management, 285 
prognosis, 285 
symptoms and signs, 283 
Olfactory recognition 
diminished, 283 
Olfactory threshold tests, 284 
Omeprazole, 754 
Omniderm, 594 

One repetition maximal lift, 806 
One repetition maximum (IRM), 802, 812 
Onion skin pattern of Dejerine, 169 
Onset of blood lacfafe accumulation (OBLA), 789 
Open axillary abduction splinf 
See Airplane splinfs 

Open circular ampufation, 45-46, 83, 134 
advanfages, 94 
disadvantages, 95 
surgical fechnique, 94 
Open flap fechnique 
for limb revision, 95 
Operation Job Match, 855 

Operations, Evaluations, and Analysis Officer (OEA), 877 
Ophfhalmic nerve, 300 
Ophfhalmoplegia, 295-296 
Opioid anfagonisfs 

for fraumatic brain injury, 216-217, 222 
Opioids 

and fraumatic brain injury, 218 
Opponens hand splints, 705-707 
Opsite, 593-594 
Optic atrophy, 287 
Optic chiasm, 288 
Optic nerve, 285-291 

anatomy and function, 285-286 
Optic neuropathies, 286-290 
evaluation, 288-290 
incidence, 286-287 
management, 291 
prognosis, 291 

symptoms and signs, 287-289 
syndromes, 287 
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Optic radiations, 286, 289 
Optic tract, 286, 289 
Optokinetic reflex, 294 
Oral contractures 
management, 638 
Oral phase 

of swallowing, 327 
"O" ring 

in upper exfremify prostheses, 55, 58 
Orfhopedic fell, 668 
Orfhopedic mechanics 
See Proslhelisls 
Orlhopedics 

in combal thealer, 8 
history, 830-831 
Persian Gulf War, 27 
role, 15 

Viefnam War, 24 
Orfhopedic Irauma 

immobilizalion for, 743 
Orfhoplasf, 617 
Orfhoses, 703-740 

algorifhm for use of, 612 

for burn pafienfs, 596, 600, 611-618, 629-630, 637-643 

commonly used materials, 617 

compression inserls, 650, 664-674 

conlacl dermatitis caused by, 668-669 

lower extremity, 704, 715-737 

for nerve injuries, 12-13 

overlays, 664-674 

for peripheral nerve injuries, 471^72, 492, 495 
poslgrafl immobilization, 629-631 
for shin splinls, 396 
for skelefal insufficiency, 733-737 
upper exfremify, 704-715 
See also specific type of orthosis 
Orfhosfasis 

immobilify-relafed, 748-749, 765 
Orfhosfafic hypotension (OH) 

in spinal cord injured pafienfs, 175, 177, 184 
Orfhotisfs, 832 
Osteomyelitis, 134 

in spinal cord injured pafienfs, 187-188 
Osfeomyoplasfy, 95-96 
Osteoperiosteal bone flaps, 95-96 
Osteoporosis 

immobilization, 747-748, 750 
in spinal cord injured pafienfs, 189 
Ofoform K, 667, 670 
Ofoscopic examination, 321 
Ototoxic drugs, 323 
OTSG 

See Office of The Surgeon General (OTSG) 

Offo Bock IDIO Dynamic Foot, 120 
Otto Bock hands, 69-70 
Outpatient care 

for burns, 583-584, 636 
fransifion from inpafienf care fo, 858-859 
for fraumafic brain injury, 227-228 
Overhead walkers, 604-605 
Overlays 

for orthoses, 664-674 
Overload, 472, 807 

musculoskeletal, 357, 359-360 
physiological response of bone fo, 817 
progression, 807 
Oversfrefching 

complications, 466 


Over! Aggression Scale, 223 
Overfraining, 809 
Overweighf, 793 

definition, 793, 797 
Overwork injury 

clarification, 467^68 
foot and ankle, 531-532 
Overwork weakness 
definition, 467 
Oxcarbazepine, 222 
Oxford fechnique, 469 
Oxidative capacify 
of muscle, 801 

Oxidative phosphorylation, 786-787 
Oxotremorine, 218 
Oxycodone, 622 
Oxygen (O^) 

partial pressure (POj), 789, 791 
utilization, 788 

Oxygen consumption (VOj), 787, 789 
and cardiac output, 790 

See also Volume of maximum oxygen consumption 
(VOjmax) 

Oxygen content 
arterial, 801 

Oxygen transport system 

factors that limit, 792, 800-801 
Oyster shell orthoses, 655 

P 

Paced Auditory Serial Addition Test, 243 
PAFOs 

See Plastic ankle-foot orthoses (PAFOs) 

Pain 

acute, 621 

back, 11, 378-389, 743, 857 

burn, 621-622 

causalgia-associated, 482 

chronic, 621 

deafferentation, 475 

dysesthetic, 475 

facial, 304, 308 

heel, 536-537 

nerve frunk, 475 

neuropafhic, 475 

palellofemoral, 394-395 

posterior elemenf, 384-385 

af residual limb / prosfhesis interface, 142-143 

refroauricular, 312 

in spinal cord injured pafienfs, 191-192 
throat, 332-333 

See also Phantom limb pain; Residual limb pain 
Pain clinics 

for phantom limb pain, 147-148 
Pain managemenf 

for burn pafienfs, 599-600, 621-623, 625-626 
for causalgia, 489-492, 495 

for lower exfremify ampufafion, 88, 125, 134, 147 
for musculoskelefal disorders, 357-358 
for peripheral nerve injuries, 474^79 
for spinal cord injured patienfs, 191-192 
See also specific type of drug or treatment 
Pain syndromes 

sympafhelically maintained, 428, 481 
Palatal arch 

evaluation, 327 
Palatal reflex, 327 
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Palate 

defective elevation, 332 
examination, 333 
Palmar stimulation 

for carpal tunnel syndrome, 512 
Palm orthosis, 640-641, 667 
Pamidronate, 750 
Panama, 23 

Papaverine hydrochloride, 219 
Papilledema, 287 
Parallel bars 

and amputees, 103-104, 148 
and spinal cord injuries, 177-178 
Paralytic ileus 

in burn patient, 602 
Paraosteoarthropathy 

See Heterotopic ossification (HO) 

Paraplegia 

See Spinal cord injury (SCI) 

Paraplegic ambulation, 177-178, 731 
energy expenditure, 731 
Parathyroid hormone levels 
in immobilized patients, 750 
Paratrigeminal syndrome, 303 
Parenteral nutrition support 
for burn patienfs, 688 
Parinaud's syndrome, 297 
Parkinsonism 

after traumatic brain injury, 220, 222 
Parkland shoe, 615 
Parosmia, 283 
Paroxetine, 215-216, 220 
Pars interarticularis injury, 385-386 
Pars stress reaction, 385 
Partial anterior interosseous syndrome, 509 
Partial calcanectomy, 87 
Partial foot amputations, 85-93 
joint contractures, 88 
long-term follow-up, 92 
prosthetic fitting and training, 89-92 
rehabilitation, 87-89 
surgical technique, 85-87 
See also specific type of amputation 
Partial pressure of carbon dioxide (PCOj), 789 
response to maximal exercise, 791 
Partial pressure of oxygen (POj), 789 
response to maximal exercise, 791 
Partner-resisted exercises, 812 
PA Section 

See Physician Assistant (PA) Section 
Passive prehension orthoses, 709 
Passive range-of-motion (PROM) 

for burn patienfs, 605-606, 616-618 
contraindications, 603 
definition, 602 
Passpointing, 321 
Patch test 

for allergic contact dermatitis, 139 
Patellar tendon bearing, total contact socket (PTB-TCS), 107, 
139 

hard, 108 
soft, 107 

supracondylar, 108-109 
Patellar tendon-bearing orthosis, 735-736 
Patellar tendon-bearing prosthesis 
alignment check using, 103-104 
Patellofemoral pain syndrome, 394-395 
Patient 


role in interdisciplinary team, 833 
Patient age 

See Age; Children; Elderly 
Patient controlled analgesia (PCA), 88, 125 
Patient education 

after burn injury, 601-602 
after spinal cord injury, 175-180, 186-187 
after traumatic brain injury, 231, 245 
in hand rehabilitation, 38 
and hearing impairments, 323-325 
for lower extremify amputees, 84, 101-102, 133, 138 
for musculoskeletal injuries, 382-383 
for upper extremify amputees, 52, 65, 68-69 
Patient Evaluation Conference Sysfem, 224 
Patient history 

in disability compensation evaluation, 868-869 
Patten bottom 

orthoses with, 734-735 
Pattern recognition system 

using phantom limb sensation, 66 
Pavlov ratio, 165 
PCA 

See Patient controlled analgesia (PCA) 

PDB 

See Physical Disability Branch (PDB) 

PEB 

See Physical Evaluation Board (PEB) 

PEBLO 

See Physical Evaluation Board Liaison Officer (PEBLO) 
Pectoralis minor syndrome, 501 
PEEP 

See Positive end-expiratory pressure (PEEP) 

Pelvic bands 

with knee-ankle-foot orthoses, 730-731 
Pelvic fractures 

lumbosacral plexopathy caused by, 523-524 
Pelvic tilts, 384 
Pemoline, 214-215 
Penetrating nerve injuries, 446M48 
case studies, 491-496 
classification, 429 
clinical considerations, 447M48 
pathophysiology, 446M47 
prognosis, 447-448 
Pensions 

See Physical disability system 
Pentazocine, 503 
Pentoxifylline, 219 
Peptic ulcer disease, 753-755 
Percy Jones General Hospital, Michigan, 35, 80 
Pergolide, 214-215 
Perineurium, 427 

and traction-related neuropathies, 442 
transection, 430-431 
Peripheral nerve injuries, 419-574 
in burn patients, 689-690 
classification, 429M31 
cold-induced, 443-446 
compression, 436M39 
electrical muscle stimulation, 481 
electrical stimulation intervention, 479-481 
electrodiagnosis, 448-465 
end organ changes following, 431-436 
epidemiology, 420-422 
foot and ankle, 531-545 

hyperesthetic desensitization therapy, 472M73 
ischemic, 439-440 
localization, 461-463 
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lower extremity, 522-531 
mechanisms, 436-448 
orthotic management, 471-472, 492, 495 
pain management, 474-479 
penetrating, 446^48, 491-493 
Persian Gulf War, 11-14, 420, 422, 446, 525 
pharmacological intervention, 475^79 
prognosis, 459-462 

range-of-motion maintenance, 465^67 
rehabilitative management, 465^81 
reinnervation following, 431-432, 434, 436, 460, 463 
secondary injury prevention, 435, 465 
sensory reeducation, 473^74 
severity determination, 459-462 
in spinal cord injured patients, 192-193 
strength maintenance and improvement, 467^70 
stretch, 440^43 

surgical repair postponement, 465 
upper extremity, 496-522 
Vietnam War, 447, 497 
during World Wars, 420-422, 447 
See also Causalgia; specific injury 
Peripheral nerves 

anatomy, 422-423, 426-427 
axonal transport, 425^26 
causalgia-associated changes in, 484 
degeneration, 431-434 
effect of immobilify on, 749 

fascicular composifion, 426-427, 435, 438-439, 442 
impulse propagation, 423-425 
neuroanafomy, 422-423 
physiology, 423-426, 448^50 
regeneration, 431^32, 434, 436, 460, 463 
vascular system, 427^28 
Peroneal nerve, 527-528 
deep, 538 

functional electrical stimulation, 725-726 
superficial, 540 
Peroneal neuropafhy 527-531 

anafomic considerations, 527-528 
in burn patients, 689 
case scenario, 493-496 
clinical presentation, 529 
dislocation-associated, 440-441 
electrodiagnosis, 529-530 
etiology, 528-529 
fracture-associated, 441-442 
superficial, 540-542 
freatmenf, 530-531 
PERSCOM 

See Total Army Personnel Command (PERSCOM) 
Pershing, John ]., 11 
Persian Gulf War, 23 

ampufafions, 12-15, 46M7, 80 

Army Physical Therapy Regisfry, 27-28 

brain injuries, 15 

burn injuries, 14-15 

causalgia, 482, 491 

disabilify case statistics, 879-880, 883 

functional impairments, 15 

hand rehabilitation, 38 

immobility complications, 742, 745, 756 

musculoskeletal injuries, 11-13 

nerve injuries, 11-14, 38, 80, 420, 422, 446, 525 

physical therapy, 25-28 

rehabilitation services, 10-16 

rehabilitation teams, 7 

wrist-hand orthoses use, 709 


Personality 

after traumatic brain injury, 217, 223, 238-239 
premorbid, 195-196 

Personnel Management Officers (PMOs), 865, 877 
PFTs 

See Pulmonary function fesfs (PFTs) 
Phalangizafion, 36-37 
Phalen's fesf, 511 
Phanfom limb 

paffern recognifion sysfem using, 66 
Phanfom limb pain, 14, 143-147, 475 
definifion, 143 
differenfial diagnosis, 148 
duration and frequency, 144 
incidence, 143-144 
in lower exfremity amputees, 88 
pafhophysiology, 126, 144-145 
prevention, 147 
freatmenf, 145-148 
in upper extremity amputees, 61 
See also Residual limb pain 
Phantom limb sensation 

after lower extremity amputation, 126, 143 

classification, 143 

definition, 143 

explanation, 126, 143 

fading, 143 

management, 126, 143 
telescoping, 88, 143 
Pharmacologic therapy 
and alcohol use, 240 
auditory complications, 323 
for burn pafienfs, 599-600 
debilifafing side effecfs, 851 
for immobilization osteoporosis, 748 
ocular complications, 296 
for peripheral nerve injuries, 475M79 
for phantom limb pain, 126, 145-146, 148 
for traumafic brain injury, 214-222, 232-233 
See also specific drug or drug class 
Pharyngeal phase 
of swallowing, 328 
Pharyngeal reflex, 327 
Phenobarbifal, 221 
Phenoxybenzamine, 490 
Phenyfoin, 477, 490 

for cranial neuropafhies, 308 
for traumafic brain injury, 216, 221 
Phosphagen system, 787-788 
Phosphorylation 
oxidative, 786-787 
Photographs 

in burn wound management, 599, 655 
Photoreceptors, 285-286 
Phthalazinol, 217 
Physiatrist 

definition, 4, 6, 229, 832 
duties beyond physical rehabilitation, 8 
role in interdisciplinary team, 832 
role in surgical decision process, 83, 96 
role in traumatic brain injury care, 226, 229 
Physiatry 

history, 4-6, 831 
See also Interdisciplinary team 
Physical activity 

as risk factor for injury, 817 
Physical capacify for exercise, 799-803 
aerobic, 803-806 
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and age, 804-805 

and body composition, 794-796 

and gender, 803-804 

of military populations, 803-806 

and occupation, 804 

Physical Disability Branch (PDB), 865, 873 
Physical disability systems, 863-885 
Air Force, 884 
Army, 865-883 
history, 864-865 
Navy, 883-884 
statistics, 879-883 

triservice comparison statistics, 883 
Physical Evaluation Board (PEB), 71, 150, 250, 865-866, 872- 

873 

caseload statistics, 879-883 
formal hearing process, 874-876 
location, 867 

versus Medical Evaluation Board (MEB), 872 
Navy, 883 

and preexisting conditions, 876 
presumptions applied to, 876-877 
process, 873-877 
USAPDA review, 876-879 

Physical Evaluation Board Liaison Officer (PEBLO), 868, 872- 

874 

Physical examinafion 

for disabilify compensafion evaluation, 869 
Physical fitness, 781-827 

and body composition, 792-799 
definition, 782 

and disability compensation evaluation, 873 
and musculoskeletal disorders, 360 
as risk factor for injury, 817 
See also Physical capacify for exercise 
Physical fifness sfandards 
and age, 804-805 
DoD direcfive, 782, 796-799 
and gender, 803-804 
and framing programs, 811 
Physical medicine and rehabilifafion (PMR) 
in combaf fheafer, 8-9 
af medical centers, 9-16 
overview, 4, 6-8, 229 
Physical profile 

in physical disabilify system, 867-868 
Physical fherapisfs 

Army, 7, 20, 24-25, 28-29 
in civilian pracfice, 25 
deployed fo fhird world counfries, 28 
and early ambulation, 84 
education, 25 

role in interdisciplinary team, 831-832 
shorfage, 28 
Viefnam War, 23-24 
Physical fherapy 

for above-knee amputees, 133 
Army, 16, 20-28 
in evolving docfrine, 28-29 
history, 830-831 

for lower exfremify amputees, 103-104, 106 
for mild fraumafic brain injury, 231 
for multiple amputees, 149 
Persian Gulf War, 25-28 
for spinal cord injured patienfs, 175 
Viefnam War, 23-24 
in wartime environment, 19-30 
Physical therapy technicians, 830 


Physical tolerance 

and vocational assessment, 851 
Physical training, 782, 807-811 

adaptive response to, 807, 809-810 

cardiovascular disease associated with, 818 

definition, 807 

duration, 807, 810, 812-813 

frequency, 807, 810-813 

hear! rate-based, 790 

intensify, 807, 810, 812-813 

job-specific, 808, 814 

lengfh, 810-811 

medical problems associated wifh, 814-820 
mode, 810-811, 813 

musculoskelefal injuries associated with, 814-817 
principles, 807-809 
specificity, 808 

and weight control programs, 793-794 
See also Exercise; specific type of exercise 
Physical training programs, 811-814 
components, 810-811 
initiation, 811 
integrated, 813-814 
objectives, 811 

as risk factor for injury, 816-817 
Physician Assisfanf (PA) Section, 23 
Physicians 

role in Army physical disability system, 867-868 
role in interdisciplinary team, 831 
Physiotherapy aides 
World War 1, 21 
Physostigmine, 218 
Pigskin, 582 
Pin fixation 

for limb length preservation, 95 
PIP joint 

See Proximal interphalangeal (PIP) joint 
Piracetam, 219, 221 
Piriformis syndrome, 525 
Pirogoff hindfoof ampufafion, 86-87 
Pisfoning 

of ankle-foof orthoses, 722-723 
Plantar digital nerve, 543 
Plantar fasciitis, 400-401 
Plantar flexion (posterior) stops 

on ankle-foof orfhoses, 715, 717-718, 722-723 
Planfar nerve 

lateral, 532-533, 536-537 
medial, 532-533, 537-538, 543 
Plasfazole, 670 
Plaster of Paris 

in immediate postoperative prostheses, 97-100 
socket design with, 121, 130 
Plaster orthoses, 617 

Plastic ankle-foot orthoses (PAFOs), 720-723 
Plastic deformation 

factors influencing, 465-466 
Plastic materials 
in sockefs, 130 
Plasfic sfrefch, 465 
Plastic surgery 

for burn injuries, 690-693 
Plug fif sockef, 129 
Plumb line 

alignmenf check using, 103-104 
PMOs 

See Personnel managemenf officers (PMOs) 

PMR 
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See Physical medicine and rehabilitation (PMR) 
Pneumatic compression 
intermittent, 471 

for lower extremity amputations, 87, 124, 127 
Pneumonia 

in spinal cord injured patients, 182 
PNF 

See Proprioceptive neuromuscular facilitation (PNF) 
Polio epidemics, 6 
Pollicization 

of remaining fingers, 36-37 
Polycushion, 668-670 
Polyflex, 617 
Polyform, 617 
Polymyxin, 591 

Polyurethane membranes, 593-594 
Polyurethane pads 

in immediate postoperative prostheses, 96-97 
Porcine skin heterograft, 593 
Positioning 

during acute phase of burn care, 607-611 
antigravify, 604, 607-610, 628, 743, 746 
during immobilization phase of burn care, 628-629 
for pressure sore prevention, 757 
during wound maturation phase of burn care, 637 
Posifive end-expirafory pressure (PEEP), 599 
Posifive sharp waves, 454-456, 494 
quantificafion, 455 
Posfconcussive symptoms, 230-231 
pharmacologic fherapy, 232-233 
Posfconcussive syndromes 

neurodiagnosfic evaluation, 232 
Posterior cord syndrome, 170 
Posterior element pain 
acute, 384-385 
Posterior flap method 

of lower exfremify ampufafion, 95 
Posterior interosseous nerve, 503-504 
Posterior interosseous nerve enfrapmenf, 503-505 
Posterior stops 

on ankle-foot orthoses, 715, 717-718, 722-723 
Posterior tibial nerve, 532 

See also Tarsal tunnel syndrome 
Postpolio syndrome, 467 
Posttraumatic amnesia (PTA) 
and family oufcome, 253 
Posffraumatic sfress disorder (PTSD) 
in burn pafienfs, 631, 683-684 
and vocafional rehabilifation, 858 
Posfure 

and musculoskelefal injuries, 362-364 
Posfurography, 321 
Posfvoid residual volume 
defermination, 752 
Pofassium depletion 

immobilization-induced, 750 
Potential reserve, 743 
Povidone-iodine, 582, 597 
Power sources 

for hand orfhoses, 705, 708-709 
Powers rafio, 173 
Power fesfs 

anaerobic, 801-802 
Pramiracefam, 219 
Prazosin, 220 
Prednisone, 357, 490 
Preexisfing conditions 

and disability compensation review, 876 


Pregnancy 

in spinal cord injured patients, 195 
Prentke Romich Light Talker, 620-621 
Prentke Romich Touch Talker, 620-621 
Presbycusis, 319 
Pressure intolerant areas 
in sockets, 107 

Pressure relieving devices, 757 
Pressure sores, 162, 181, 186, 190, 755-758 
causes, 186, 755 
classification, 187, 757-758 
distribution, 755-756 

identification of pafienfs af risk for, 756-757 
incidence, 187, 756 
prevention, 186, 756-757 
treatment, 187, 758 
Pressure tolerant areas 
in sockets, 107 
Pressure wrap 
bulky, 629-630 
Prilosec 

See Omeprazole 
Primary irritant dermatitis 
on residual limb, 139 
Primidone, 221 
Progression 
overload, 807 
Projectile-related injuries 

See Bullets; Penetrating nerve injuries; Shell fragment 
wounds 

Prolonged stretch 

for burn pafienfs, 603, 636 
definifion, 603 
wifh diathermy, 746 
PROM 

See Passive range-of-motion (PROM) 

Pronator teres muscle, 506-507 
Pronator teres syndrome, 506-508 
Prone positioning 

anticontracture, 608, 746 
Proportional control systems 

for myoelecfric prosfheses, 65-67 
Propranolol, 217, 220, 490 
Proprioception changes 

burn injury-associated, 633 
Proprioceptive neuromuscular facilitation (PNF), 359 
Proprioceptive training 

for musculoskelefal injuries, 393, 398 
Prosfheses 
bypass, 126 

and early ambulation, 13 
exoskeleton, 132 
fabrication, 80 
facial, 655 

for multiple amputees, 148-149 
shower, 133 
sfubbie, 133, 148-149 
temporary, 12-14, 84, 88 
World War II fechnology, 35 

See also Myoelecfric prosfheses; specific type of prosthesis 
Prosfhefic foam, 670 
Prosfhefic sockefs 
See Sockefs 

Prosfhefisfs, 80, 133, 832 
Profein 

and burn injuries, 687-688 
status evaluation, 689 
synthesis, 750 
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Prothrombin time (PT), 763 
Proximal interphalangeal (PIP) joint 
amputation at, 37 
Proximity 

principle of, 623 
Pruritus 

after burn injury, 633 

Pseudo-anterior interosseous syndrome, 508 
Pseudo-Graefe's sign, 299 
Pseudo-Graefe's syndrome, 297 
Pseudo-obstruction 

in spinal cord injured patients, 185 
Psychiatrists 

role on medical evaluation board, 868 
Psychological disturbances 
with amputation, 10 
immobility-related, 749 
treatment, 16 
Psychological shock, 624 
Psychological support 

after brain injury, 227-228 

for burn patienfs, 596, 623-626, 631, 633, 683-684 
for immobilized patienfs, 750 
in inferdisciplinary feam management, 832 
for lower exfremify ampufees, 84, 88, 101, 125, 133-134 
for mulfiple ampufees, 149 
for phanfom limb pain, 147-148 
and physical recovery, 846 
for spinal cord injured patienfs, 180, 195-196 
for upper exfremify ampufees, 47, 52 
See also Emotional counseling; Psychotherapy 
Psychologists 

role in interdisciplinary team, 832 
Psychosocial outcome 

determinants of, 846-847 
of fraumatic brain injury, 238-241 
Psychosfimulanfs 

for fraumatic brain injury, 214-215, 219 
See also specific drug 
Psychotherapy 

for brain injured patienfs, 245-246 
for burn pain management 623 
for phanfom limb pain, 147-148 
Psyllium hydrophilic mucilloid fiber, 753 
PT 

See Profhrombin time (PT) 

PTA 

See Posttraumatic amnesia (PTA) 

PTB-TCS 

See Patellar tendon bearing, total contact socket (PTB-T 
Pterygoid reflex 

elecfrodiagnosfic evaluafion, 305-306 
Pfosis, 297, 299 
PTs 

See Physical therapisfs 
PTSD 

See Posllraumatic sfress disorder (PTSD) 

Pubis sfress fractures, 397 
Public Health Service 

physical therapy services, 25 
Public Law No. 101-336 

See Americans with Disabilities Act 
Pulmonary angiography, 760-761 
Pulmonary complications 
of immobilizafion, 758-762 
of spinal cord injury, 181-182 
See also specific complication 
Pulmonary compromise 


after spinal cord injury, 181 
signs of, 583 
Pulmonary edema 

in burn patienfs, 584-585 
high-altifude, 820 
Pulmonary embolism, 183, 760-762 
versus deep venous fhrombosis, 763 
diagnosis, 760-762 
prevenfion, 762 
frealmenf, 762 
Pulmonary funcfion 

during exercise, 788-789, 801 
Pulmonary function tests (PFTs), 758-759 
Pulmonary management 

of burn patienfs, 584-585, 598-599 
of immobilized pafienfs, 758-762 
Puncfafe hemorrhages, 209 
Pupil 

muscles regulafing, 294 
myotonic, 297 

Pupillary lighf reflex, 288-290, 296 
innervation, 294 
Pushoff 

with metal ankle-foot orthoses, 718-720 
with plastic ankle-foot orthoses, 722-723 
Pylon 

in immediate postoperative prostheses, 98-100, 135 
Pyridoxine, 513 

Q 

Quadrilateral sockets, 129 
Quadriplegia 

See Spinal cord injury (SCI) 

Quadruple amputation, 149 
Quality of life 

for spinal cord injured patienfs, 195 
for fraumatic brain injured patients, 224 
Quisqualate, 212 

R 

Racial groups 

counseling concerns, 849 
Radial amputations 
definition, 40 
prostheses, 39-42 
Radial nerve, 496, 502 
Radial neuropathy, 438-439, 502-505 
anatomic considerations, 502-503 
case scenario, 491-493 
clinical presentation, 503 
compression, 505 
electrodiagnosis, 503 
etiology, 503 

fracture-associated, 440-441 
orthotics, 640-641, 705-706 
in spinal cord injured patients, 192 
treatment, 503-504 
Radiculopathy 

cervical, 363-366 
lumbar, 379-381 
Radiography 

in musculoskeletal injuries, 381, 385-386 
in residual limb problems, 140-143 
in spinal cord injury, 163, 188 
in tarsal tunnel syndrome, 535 
Raeder's syndrome, 303 
Ramsay-Hunt syndrome, 311-312 
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Rancho Los Amigos Scale, 224 
Range of motion 

definition, 602-603 
and hand rehabilitation, 38 
and peripheral nerve injuries, 465^67 
Range-of-motion exercises 

for accessory neuropathies, 338 
for brain injured patients, 226 
for burn patients, 596-597, 602-606, 628 
early initiation, 9 
for edema control, 470 
for immobility complications, 746 
for lower extremity amputees, 84, 101-103, 135 
for musculoskeletal injuries, 359, 362, 372, 376-378 
for peroneal neuropathy, 531 
for phantom limb pain, 147-148 
for spinal cord injured patients, 189 
for upper extremity amputees, 47 
Ranitidine, 754 
Rash 

heat, 819 

Ratchet splint, 709 
Rating by analogy, 873-874 
Ray amputations 

prosthetic fitting and training, 89 
surgical technique, 86 
Raynaud's phenomenon, 444 
Ray resection 

for finger amputations, 37-38 
Reach 

orthotic substitution for, 704-706, 710-713 
Reachers, 179, 679 
Reading 

adaptive devices, 621 
Reamputation (revision), 83, 134, 148 
surgical technique, 94-95 
Reappraisal, 847 

Reciprocating gait orthoses (RGOs), 732 
Reconstruction aides 
World War I, 20-21 
Reconstructive surgery 

for burn patients, 690-693 
Recovery principle 
in training, 807 

Recreational adaptive aids, 10, 41^2, 52-54, 70-71, 149, 682- 
683 

Recreational therapists 

role in interdisciplinary team, 832 
Recreational therapy 

for above-knee amputees, 133 
for brain injured patients, 227 
for burn patients, 636-637, 682-683 
definition, 832 

for spinal cord injured patients, 179-180, 195 
See also Exercise; Sports; specific activity 
Rectus muscles 

innervation, 292-293 
Redundancy 

after traumatic brain injury, 212 
Reed College, Oregon, 20 
Referral questions 

for neurobehavioral assessment, 242-243 
Reflex arc, 785 
Reflex detrusor contractions 

in spinal cord injured patients, 193 
Reflexes 

facial nerve, 312-314 
glossopharyngeal nerve, 327 


hyperactive, 190-191 
laryngeal nerves, 333 
segmental, 171-172 
trigeminal nerve, 302-307 
vagus nerve, 331 
See also specific reflex 
Reflex hyperventilation, 789 

Reflex sympathetic dystrophy (RSD), 141-142, 148, 749 
Regional blockade 

for causalgia, 489-490 
Rehabilitation nurse 

role in interdisciplinary team, 832-833 
Rehabilitation services 

Persian Gulf War, 7, 10-16 
Vietnam War, 7-10 
Rehabilitation team 

See Interdisciplinary team 
Reichert's syndrome, 326-327 
Reinnervation 

after peripheral nerve injury, 431-432, 434, 436 
after traumatic brain injury, 212 
electrodiagnostic monitoring, 460, 463-464, 468 
and functional recovery, 464^65 
Reiter, Reinhold, 65 
Relaxation techniques 

for burn pain management, 600, 623, 625-626 
for phantom limb pain, 147 
Remodeling phase, 355 
Remotivation, 847 
Renal calculi 

in spinal cord injured patients, 194 
Renal failure 

in spinal cord injured patients, 193 
Reparative phase, 354-355 
Reserpine, 490 
Residual limb 
definition, 43 
edema, 134, 138 
electrical stimulation, 67 
and energy expenditure for walking, 93 
hygiene concerns, 84, 107-108, 134, 136 
interface with lower extremity prostheses, 89, 96-97, 104, 
107, 129, 131, 136-137, 142-143 
lengthening, 96 

in lower extremity amputees, 134, 136 
in multiple amputees, 148-149 
plaster cast impression, 121 
topographic measurement, 121 
in upper extremity amputees, 61 
very short below elbow, 44, 53 
vibration/ percussion, 147 
weight bearing, 91-92, 98-99, 102-103 
Residual limb pain 
causes, 139-143 
differential diagnosis, 142, 148 
postoperative management, 88, 125, 134, 147 
referring, 142, 148 
See also Phantom limb pain 
Residual limb pain syndrome, 14 
Residual limb wrapping 
See Stump wrapping 
Resin 

in above-knee prostheses, 130 
in foot prostheses, 90 
Resistance 

negative, 813 
variable, 813 

Resistance detraining, 808 
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Resistance training, 810-813 

adaptation of aerobic training modes to, 812 
adaptive response to, 809-810 
cardiovascular response to, 809-810 
equipment, 812 

for lower exfremify ampufees, 103 
for muscle mass buildup, 793-794 
for musculoskelefal injuries, 359-360 
for peripheral neuropafhy, 467 
specificify, 808 

in weigh! confrol programs, 793 
See also Isofonic exercises; Sfrengfh framing 
Respirators 

for burn pafienfs, 599 
Respirafory failure 

after spinal cord injury, 181 
signs of, 583 

Respirafory managemenf 

of burn patienfs, 584-585, 598-599 
of immobilized pafienfs, 758-762 
Respirafory quofienf (RQ), 686 
Respirafory fracf infecfion 

in immobilized pafienfs, 759 
Resfon foam, 668 
Resfructuring, 847 
Refina, 286, 288 
Refired Lisf 

hisfory, 864-865 

Temporary Disabilify (TDRL), 865, 873-874, 876, 883 
Refirement 

See Physical disabilify sysfem 
Refroauricular pain, 312 
Return to duty 

of ampufees, 150 
of brain injured pafienfs, 246-250 
of burn patienfs, 637, 683-685 
imporfance, 16 

of lower exfremify ampufees, 106 
of multiple amputees, 149 
and musculoskeletal disorders, 360 
transition to, 858-859 
of upper exfremify ampufees, 70-73 
during Viefnam War, 9, 23-24, 72, 150 
See also Vocational assessment; Vocational rehabilitation 
Revision 

See Reamputation (revision) 

RGOs 

See Reciprocating gait orthoses (RGOs) 

Rhabdomyolysis 
exertional, 818 

in spinal cord injured patients, 193 
Rheobase, 449 
Rheumatologic disorders 
in amputees, 142 
Rhodopsin, 285-286 
Rigidity, 208 
Ring fracture 
G-1, 173-174 
G-2, 174 

Rinne's test, 320-321 

Ritalin, 219 

IRM 

See One repetition maximum (IRM) 

Rocker bottom 

orthoses with, 734-735 
Rocker soles 

in shoes, 90, 114 
Rods, 285-286 


Roentgenography 

in anterior tarsal tunnel syndrome, 539 
in causalgia, 486-487 
in pulmonary embolism, 760-761 
Roger's sign, 304 
ROHO bed, 611, 757 
Rolyan Silicone Elastomer, 667 
Romania, 28 
Romberg test, 321 
Room temperature 

for burn patienfs, 599-600 
Roosevelf, Franklin D., 5, 21 
Rofating beds 

for spinal cord injured patienfs, 182, 186 
Rofafor cuff injuries, 367-370 

in spinal cord injured patienfs, 189 
Rofobed, 631 

Rofo-Resf Traumabed, 182, 186 
RQ 

See Respirafory quotient (RQ) 

RSD 

See Reflex sympafhefic dysfrophy (RSD) 

Rucksack palsy, 497M98 
Rule of 9s, 580 
Rule of fhe Palm, 579-580 
Rusk, Howard A., 5, 831 
Russia, 28 

s 

Sabolich fool, 120 
Saccadic deficifs, 299 
Saccadic system, 294 
SAGH fool 

See Solid-ankle cushion heel (SAGH) fool 
Sacral plexus, 522-523 
Saddle harness 

for above-elbow prostheses, 57-58 
SAFE (sfafionary affachmenf, flexible endoskelelon) pros 
thelic fool, 92, 114-115, 120 
Sagiffal flap mefhod 

of lower exfremify ampufation, 95, 124 
Saliva 

hypersecrelion, 333 
pooling, 312 
Salivary flow meter, 312 
Salivation 
loss, 312 

measurement, 328 
Salmon calcitonin, 748 
Saltatory conduction, 449 
Salt depletion, 819 
Sanderson, Marquerite, 20-21 
Saphenous nerve, 526 
Sarcomeres, 783 
Saturday night palsy, 192, 503 
Saudi Arabia 

See Persian Gulf War 
Scald burns, 577 
Scalp donor 

use and healing, 594 
Scapular refractors/slabilizers, 368 
sfrengthening exercises, 363 
Scar(s) 

in burn patienfs, 643-674 
hyperfrophic, 643-645, 655-674 
location on residual limb, 136 
skin grafts, 644 


Iviii 


Volume 1: Pages 1-416; Volume 2: Pages 417-886 


Index 


Scar compression, 655-674 
ankle, 675 
arm, 673 
elbow, 672-673 
fingers, 671 
foot, 676 
hand, 672 
hip, 675 
knee, 675 

lower extremity, 675-676 
shoulder, 673 
thumb, 671-672 
trunk, 674 

upper extremity, 671-673 
wrist, 672 

Scarpa's triangle, 129, 139 
Schirmer lacrimation test, 312 
Schmidt's syndrome, 332 
Schwann cells, 422^23 

denervation-related changes in, 433 
and reinnervation, 434 
SCI 

See Spinal cord injury (SCI) 

Sciatic nerve, 524, 528 
Sciatic neuropathy, 438, 524-526 
anatomic considerations, 524-525 
clinical presentation, 525 
electrodiagnosis, 525-526 
etiology, 525 
Persian Gulf War, 525 
SCL-90 

See Symptom Checklist-90 (SCL-90) 

Scoop type prostheses, 42^3 
Scott-Craig orthoses, 729, 732 
Seat-belt type injuries 
spinal, 175 
Seattle Ankle, 116 
Seattle Foot, 115-116, 120 
Seattle Lightfoot, 92, 115-116, 120 
Seattle orthosis, 721 
Second General Hospital, Germany, 11 
Sedation 

of burn patients, 622, 626 
for phantom limb pain, 146 
Seddon's classification 

of peripheral nerve injuries, 429 
Segmental dysfunction 
lumbar, 379 

Segmental hypermobility 
lumbar, 380, 383 
Seizures 

posttraumatic, 221-222 
Seizure threshold 

effects of alcohol on, 240 
Selective serotonin reuptake inhibitors (SSRIs) 
for traumatic brain injury, 216 
Self-care 

See Activities of daily living (ADL); specific activity 
Self-Directed Search, 854 
Self-feeding 

adaptive devices, 619-620, 676-677 
Self-management skills 
assessment, 855 
Sensory abnormalities 

causalgia-associated, 482 
Sensory aphasia, 320 
Sensory deprivation 

in immobilized patients, 748-750 


Sensory feedback 

in lower extremity amputees, 85, 93 
with myoelectric prostheses, 67, 69 
Sensory fibers 
special, 280-281 
Sensory levels 

for neurological evaluation of spinal cord injury, 169 
Sensory nerve action potential (SNAP) 
amplitude, 459, 464 
in brachial plexopathies, 500 
in carpal tunnel syndrome, 512 
in compression injuries, 437 
inability to elicit, 460 
measurement, 451 

in thoracic outlet syndrome, 501-502 
in ulnar neuropathy, 518 
Sensory recovery 

after peripheral neuropathy, 464-465 
classification, 474^75 
Sensory reeducation, 473-474, 492 
discriminative, 474 
protective, 474 
Sensory stimulation 

and burn patients, 631 
and comatose patient, 236 
and immobilized patients, 749-750 
Sensory Stimulation Assessment Measure, 224 
Separated without benefits (SWOB), 876 
Separated with severance pay (SWSP), 876 
Serial casting, 747 
Series elastic component, 785 
Serotonergic drugs 

for traumatic brain injury, 215-217, 221 
See also specific drug 
Serotonin, 476 
Sertraline, 215-217, 220 
Servo Pro system, 66-67 
Sexual counseling 

after brain injury, 254 
after burn injury, 635 
Sexual function 

in burn patients, 634-635 
in spinal cord injured patients, 194-195 
in traumatic brain injured patients, 222 
Shanks 

for below-knee prostheses, 112-113 
endoskeletal, 113 
exoskeletal, 113 
thermoplastic, 109-110 
Shear forces 

with knee-ankle-foot orthoses, 727-729 
Sheepskin, 668 
Sheet grafts, 589, 644 
Shell fragment wounds 

brachial plexopathies caused by, 497 
burns secondary to, 581 
Shin splints, 395-396 
Shock 

burn, 585-587 
psychological, 624 
spinal, 172 
Shoes 

for ankle-foot orthoses, 718 

for burn patients, 615-616, 641-643 

inserts, 89-90 

as risk factor for injury, 817 
rocker soles, 90, 114 
toe fillers, 89 
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Shoulder 

contracture prevention, 47 
instability, 370-372 
positioning for burn injuries, 609-610 
scar compression, 673 

Shoulder bypass suspension hoops, 714-715 
Shoulder cap design, 714 

Shoulder continuous passive motion machine, 618 
Shoulder disarticulation, 43-45 
prostheses, 45, 59, 67 
surgical procedures, 46 
Shoulder dislocation 

stretch neuropathies associated with, 440-441 
treatment, 370-371 
Shoulder disorders, 367-372 
in spinal injured patients, 189 
See also specific disorder 
Shoulder flexion assisfs, 714-715 
Shoulder harness-driven flexor hinge orfhoses, 708 
Shoulder orthoses, 630, 638-639 
functional, 713 
static, 713 
support of, 713-715 
Shoulder stabilizers 
orthotic, 713 
Shoulder suspension 

for above-knee prosfheses, 131 
Shower prosfheses, 133 
Shower frolley mefhod 

of wound cleansing, 598-599 
Shrinker socks, 104-105 
Sickness Impacf Profile, 253 
Side-lying posifioning 

anficonfracture, 608, 746 
SIDS 

See Sudden infant death syndrome (SIDS) 

SII 

See Strong Interest Inventory (SII) 

Silastic, 670 
Silesian belt, 131, 133 
Silicone 

in above-knee prostheses, 132 
in foot prostheses, 90 
in orthotic inserts and overlays, 670 
suction sockets, 112, 131 
Silicone finger frough, 615 
Silver nifrafe, 582 
Silver sulfadiazine, 582 
Singer procedure 

for lower exfremify amputation, 96 
Single-axis foot prosthesis, 113-114 
Single-axis knee prostheses, 128 
Single-control system 

for below-elbow prostheses, 55 
Single photon emission computed tomography (SPECT) 
in musculoskeletal injuries, 381, 386 
in traumatic brain injury, 225, 231 
Sinus arrest 

in spinal cord injured patients, 182-183 
Sitting 

anticontracture position, 610 
by spinal cord injured patients, 175-177 
Situational assessment 

in vocational rehabilitation, 856 
Sjogren's syndrome, 303 
Skeletal insufficiency 
orthoses for, 733-737 

See also Dislocations; Fracfures; specific injury 


Skelefal muscle 
See Muscle(s) 

Skew flap method 

of lower exfremify amputation, 95 
Skiing program 

for ampufees, 10, 149 
Skin 

artificial, 592 
human cadaver, 593 
Skin care 

during acufe phase of burn injury, 596-607 
during immobilizafion phase of burn injury, 625-627 
for lower exfremify ampufations, 85 
during wound mafuration phase of burn injury, 632-635 
See also Skin fracfion management 
Skin care pads, 667, 669-670 
Skin complications 

in brain injured patients, 226 
causalgia-associated, 482^83 
in immobilized patients, 755-758 
in lower extremity amputees, 134, 136-137 
in spinal cord injured patients, 162, 181, 186-188, 755-758 
in upper extremity amputees, 61 
See also Pressure sores; specific complication 
Skin desensitization program 

for lower exfremify ampufations, 88, 125, 141, 148 
for spinal cord injured pafienfs, 191 
Skin flaps, 96, 122, 691-693 
Skin fold procedure 

for body fat measurement, 797-798 
Skin grafts, 589-592 
adherence, 588, 590 
for burn wounds, 587 
cultured epidermal cells, 591-592 
donor sites, 589, 594-595, 644 
dressings, 591-594, 629 
flaps, 96, 122, 691-693 
insensafe, 85 
instrumenfs, 587 
meshed, 589-591, 644 
movemenf, 590 
orfhoses, 629-630 

posfgraff dressing changes, 626-627 
postoperative immobilizafion, 627, 629 
for pressure sores, 187, 758 
for reconsfrucfion, 691-693 
scarring, 644 
sheef, 589, 644 
split-fhickness, 96, 122, 589 
surgical staples for, 590 
vascular supporf, 646-649, 655-674 
wound managemenf, 590-591 
Skin necrosis 

after ampufation, 135 
Skin reacfions 

allergic, 138-139 
Skin fension 

in residual limb, 136 
Skin fracfion management 
errors, 94 

for lower exfremify amputations, 83, 94, 100, 124-125 
for upper exfremify ampufations, 45 
Sleep apnea 

obstructive, 182 
Sleeve suspension 

for below-knee prosfheses. 111 
Sling suspensions 

for arm supporf, 712-713 
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shoulder, 713 

Slow twitch (type 1) fibers, 784 
Smell 

altered sense of, 283-285 
loss of, 282-285 
fesfing, 283-285 
See also Odor 

Smifh and Nephew prosthefic foam maferial, 667 
Smoke inhalafion injury, 584-585, 598-599, 620 
Smooth pursuit system, 294 
SNAP 

See Sensory nerve action potential (SNAP) 

Snellen charts, 288 
Social isolation 

of brain injured pafienfs, 238-239 
Social workers 

role in inferdisciplinary feam, 833 
Sociefy for Physical Therapy Physicians, 5 
Sock(s) 

for foot prostheses, 116 

for immediafe posfoperafive dressing/prostheses, 97-100, 
104-106 

for sucfion suspension systems, 112, 131 
Sockets 

for above-elbow prosfheses, 56-57 

for above-knee prostheses, 129-131 

for below-elbow prosfheses, 52-53 

for below-knee prostheses, 106-110, 112 

carbon fiber reinforcemenf of, 91-92 

compufer aided design / manufacturing, 120-121, 130 

construction, 109-110 

fabrication, 120-121, 130 

for forequarfer ampufafion prosfheses, 59 

hip disarficulation, 132-133 

for humeral neck ampufafion prosfheses, 59 

for knee prostheses, 129-131 

liners, 107-108, 140-141 

loose, 142 

myoelectric electrodes embedded in, 67 
for parfial foot prostheses, 89-91 
pressure areas, 107 
and residual limb problems, 61, 107 
Syme's, 91-92 
transfemoral, 124 
transpelvic amputation, 132-133 
See also specific type of socket 
Sof-Care alternating pressure mattress, 757 
Sof-Kling, 610, 658 
Soft tissue 

contractures, 746 

handling during surgical amputation, 122 
musculoskeletal, 354 
retraction, 94 
Soft tissue injuries 
cervical, 361-363 
rehabilitation, 8-9 
Sole inserts, 642-643 
Sole plate 

for ankle-foot orthoses, 718 
rigid, 90 

Solid-ankle cushion heel (SACH) foot, 92, 96, 98, 100, 113, 120, 
127 

Soma, 422-423 

Somatosensory evoked potentials 
filter settings, 452 
Sorbisan, 594 
Sound pressure, 319 
Spasticity 


in brain injured patients, 226 
definition, 208 

in spinal cord injured patients, 167, 172, 178, 190-191 
SPECT 

See Single photon emission computed tomography 
(SPECT) 

Speech and language therapists 

role in interdisciplinary team, 833 
Speech discrimination test, 320 
Speech disorders 

after traumatic brain injury, 222 
Speech reading, 324 
Speech therapy 

for hypoglossal neuropathies, 341-342 
for mild fraumatic brain injury, 231 
Spenco second skin, 670-673 
Spenco skin care pad, 667, 669 
Sphincter pupillae muscle 
innervation, 294 
Spinal cord changes 

and phantom limb pain, 126, 144-145 
Spinal cord compression 
identification, 163 

Spinal cord injury (SCI), 14, 161-205 

bilateral knee-foot-ankle orthoses for, 731-732 

causes, 162, 166-167 

classificafion, 165, 169 

complete, 169, 176-178 

complicafion managemenf, 181-196 

complicafion prevenfion, 165, 181-196 

emergency freatmenf, 162 

endocrinologic complications, 185 

first and second echelon MTF treatment, 162-163 

gastrointestinal complications, 184-185 

genitourinary complications, 162, 181, 193-194 

head injuries associated with, 195 

imaging studies in, 163-164 

incidence, 162 

incomplete, 169-170, 178 

interdisciplinary team management case study, 841-843 

ligamentous, 173-174 

long-term follow-up, 180-196 

morfalify and morbidify, 162, 181 

musculoskelefal complicafions, 188-189 

neurological complications, 189-193 

neurological evaluation, 167-173 

neurosurgical treatment, 163-165 

nonpenetrating, 165 

orthoses, 703-740 

pathophysiology, 165-167 

patient education, 175-180, 186-187 

penetrating, 165 

prognosis, 170-171 

psychological complications, 195-196 

pulmonary complications, 181-182 

recovery, 167, 175-179, 195 

recreational rehabilitation, 179-180, 195 

rehabilitation, 9, 175-180 

skin complications, 162, 181, 186-188, 755-758 

third echelon MTF treatment, 163 

treatment by level of injury, 173-175 

Viefnam War, 162 

vocafional rehabilifation, 179-180, 195, 856 
walking after, 177-178, 731 
wheelchair use after, 175-177 
World War I, 162 
World War II, 162 

zone of injury recovery, 167, 172-173 


Volume 1: Pages 1-416; Volume 2: Pages 417-886 


Ixi 


Rehabilitation of the Injured Combatant. Volume 2 


Spinal Cord Injury Model Systems Program, 162 
Spinal cord injury units, 162 
organization, 196 
Spinal manipulative therapy, 362 
Spinal nerve root entrapment, 381 
Spinal nerves, 168 
Spinal shock, 172 
Spinal trigeminal tract, 169 
Spine 

evaluation, 173-175 
instability, 163, 189 
management, 173-175 
stability, 163-164, 387-389 
See also specific part of spine 
Spine alignment 

restoration and maintenance, 163 
Spine deformities 

in spinal cord injured patients, 189 
Spine injuries 

See Spinal cord injury (SCI) 

Spine rehabilitation program, 382-385 
Spine stabilization exercises, 387-389 
Spiral groove area 

injuries and compression in, 502-503 
Spirometry 

incentive, 759-760 
Splinting, 747 
dynamic, 747 
Splints, 358, 378 
airplane, 630, 638 
Bunnell, 709 
burn, 615-616 
cockup, 709-710 
finger, 615 
hand, 705-707 
rafchef, 709 
shin, 395-396 
Splif sockef 

for below-elbow prosfheses, 53 
Splif-fhickness skin graffs (STSGs), 589, 691-693 
Splif Toe Flex Foof, 117-118 
Spondylolisfhesis, 385 
Spondylolysis, 385-386 
Spondylosis, 381 

Sponfaneous acfivify, 454-456, 494 
Sporf garmenfs 
elasfic, 665 
Sporfs 

brachial plexopafhies associated with, 497M99 
foot and ankle nerve injuries caused by, 531-532, 538, 540, 
543-544 

peroneal neuropathies associated with, 529 
See also Exercise; specific sport 
Sprains 

cervical, 361 
See also Ankle sprains 
Spring balances, 802 
Springlite Chopart prosthesis, 90 
Springlite Company, 90 
Springlite II, 119-120 
Springlite Syme's prosthetic foot, 92 
Springlite toe fillers, 89 
Sprinf runs 

maximal, 801 
Spurling's maneuver, 364 
SSRIs 

See Selecfive serofonin reupfake inhibifors (SSRIs) 
Sfanding balance 


with knee-ankle-foot orthoses, 730 
Standing table exercise, 603-604 
Stapedial reflex, 312 
fesfing, 320 
Sfasis dermafifis 

after ampufation, 137-138 
Sfafic orfhosis 

for shoulder/elbow supporf, 713 
Sfafic sfrengfh 

measuremenf, 802 
Sfafic sfrefch, 359 

Sfafionary affachmenf, flexible endoskelefon (SAFE) pros- 
thefic fool, 92, 114-115 
Sfafionary bicycles, 125, 635, 800-802 
Sleam burns, 577 
STEN (STored ENergy) Foot, 120 
Step length 

with ankle-foot orthoses, 720 
Step-up hinges, 44, 53 
Sternocleidomastoid muscle 

and accessory neuropathies, 336-338 
Steroids 

for carpal tunnel syndrome, 513 
for cranial neuropathies, 280, 291, 315 
for digifal neuropafhies, 544 
for superficial peroneal neuropalhy, 541-542 
See also specific drug 
Slimulanls 

for spinal cord injury, 167 
for fraumatic brain injury, 214-215, 219 
See also specific drug 
Slingers 

See Brachial plexus injuries 
Stool softeners 

for immobilized pafienfs, 753 
Sfrain 

cervical, 361, 843-844 
in concussive brain injuries, 230 
Sfrengfh, 782, 802-803 

correlation befween muscle mass and, 795-796, 803 

definition, 802 

deferminanfs, 803 

dynamic, 802 

gender differences, 806 

immobilify-associafed loss, 743-744 

measuremenf, 802-803, 806 

population dafa, 806 

sfafic, 802 

Sfrengfh defraining, 808 
Sfrengfh-duration relationship 
in motor neurons, 449M50 
Strength training, 813 
basic requirements, 468 
for burn patienfs, 635-636 
in integrated program, 813-814 

for musculoskelefal injuries, 359-360, 363, 367, 369-372, 
375-377 

for peripheral nerve injuries, 467M70 
Sfress 

batfle, 16, 623 
confrol principles, 623 
heal, 818-819 

Sfress fracfures, 396-397, 816-818 
Sfress gasfrifis 

in spinal cord injured patienfs, 184-185 
Sfress ulcers, 753-755 
Sfrefch 

elasfic, 465 
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plastic, 465 

prolonged, 603, 636, 746 
terminal, 604 
Stretching exercises 

for burn patients, 628, 636, 652 
heating modalities used with, 467, 746-747 
for musculoskelefal injuries, 371, 373, 390-391, 398-399 
for peripheral neuropafhies, 465-467 
Sfrefch neuropafhies, 440^43 
brachial plexus, 498-499 
clinical considerafions, 440-441 
pathophysiology, 441^42 
peroneal nerve, 528 
prognosis, 442-443 
Strickland, Benjamin A., Jr., 5, 9 
Stroke volume (SV), 790-791, 801, 809 
Strong-Campbell Interest Inventory, 195 
Strong Interest Inventory (SII), 854 
Structured Clinical Interview, 223 
Stryker turning frame, 186 
STSG 

See Splif fhickness skin graft (STSGs) 

Stubbie prostheses, 133, 148-149 
Stump edema syndrome, 134, 138 
Stump wrapping 
complications, 125 

for lower exfremify ampufafions, 87-88, 94, 96-98, 103- 
105, 125 

for upper exfremify amputafions, 48-50 
Sfuffering 

affer traumafic brain injury, 222 
Subclavius nerve, 496 
Subsfance abuse 

and pharmacologic therapy, 240 
and traumatic brain injury, 229, 239-241, 246 
Substance P inhibitors 

for peripheral nerve injuries, 478 
Succinylcholine 

confraindicafions, 183 
Sucralfate, 754 
Sucfion sockefs 

for above-elbow prosfheses, 56 
for above-knee prostheses, 131 
silicone, 112 

Suction transtibial prostheses. 111 
Sudden infant death syndrome (SIDS), 323 
Suicide 

by spinal cord injured patients, 196 
Sulfamethoxazole, 752 
Sulfamyalon 

See Mafenide acetate 
Summation, 785 
Sunburn, 580-581 
Sunderland's classification 

of peripheral nerve injuries, 429^31 
Sun exposure 

and burn pafienfs, 633, 636 
Superficial peroneal nerve, 540 
Superficial peroneal neuropafhy, 540-542 
Superficial radial nerve compression, 505 
Superior mesenteric artery syndrome, 755 
Superior oblique muscle 
innervation, 292-293 
Superior orbital fissure syndrome, 303 
Supersensifivify 

denervafion, 435^36, 456 
Supine posifioning 
anticonfracture, 608 


Supported employment model 

for brain injured pafienfs, 247-250 
Supporf groups 

for above-knee amputees, 134 
family, 255 

for hearing impaired patienfs, 325 
for multiple amputees, 149 
Support Systems International, Inc., 186-187 
Supracondylar cuff suspension 
of below-knee prosfheses, 110 
Supracondylar process syndrome, 506 

Suprapatellar-supracondylar patellar tendon bearing sockef, 
109 

Suprascapular nerve, 496 
injury fo, 498-499 

Sural enfrapmenf neuropathy, 542-543 
Sural nerve, 542 
Surface elecfrodes, 453, 456^57 
Surgical complicafions 

of lower exfremity ampufafions, 134-148 
Surgical procedures 

for above-knee ampufafions, 122-123 

for ampufafions, 45-46 

for anterior interosseous syndrome, 509 

for below-knee ampufafions, 93-96 

for brachial plexopafhies, 497 

brachial plexopafhies caused by, 499 

for burn wounds, 587-595, 628 

for carpal tunnel syndrome, 513-514 

for cranial neuropafhies, 308, 335 

cranial neuropafhies caused by, 280, 303, 332, 336 

delayed, 83, 465 

for digifal neuropafhies, 544-545 
for lower exfremify ampufafions, 83-84 
neuromoniforing during, 280 
for peripheral neuropafhies, 465 
peroneal neuropafhies caused by, 529 
for phantom limb pain, 146-148 
for posterior interosseous nerve enfrapmenf, 505 
for pressure sores, 187, 758 
safely facfors, 628 
for spinal cord injury, 163-165 
for superficial peroneal neuropafhy, 542 
for farsal funnel syndrome, 536 
for thoracic outlet syndrome, 502 
for ulnar neuropathy, 519 
for upper exfremify ampufafions, 45^6 
See also specific procedure or injury 
Surgical slaples 

for skin grafling, 590 
Surgical team 

mullispecially, 83 
Suspension 

above-elbow prostheses, 57-58 
above-knee prostheses, 131 
below-elbow prostheses, 54-56 
below-knee prostheses, 110-112 
humeral neck amputation prostheses, 60 
immediate postoperative prostheses, 97-100 
suction, 112, 131 
supracondylar, 108 
Suspension beds 
air, 757 

Suspension belts 

for above-knee prostheses, 131 
for below-knee prostheses, 97-100, 110-111 
total elastic, 131 
transtibial prostheses, 131 
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Suspension hoops 

shoulder bypass, 714-715 
Suspension sling arm support, 712-713 
SV 

See Stroke volume (SV) 

Swallowing, 326-328 

dysfunction, 327-328, 332, 334-335 
Swallowing reflex, 327 
Swan-Ganz line, 584-585 
Swan neck deformity, 639 
Swimming 

by burn patients, 636 
Swing-through gait, 178 

with knee-ankle-foot orthoses, 729-731 
SWOB 

See Separated without benefits (SWOB) 

SWSP 

See Separated with severance pay (SWSP) 

Syme's amputations, 82 
complications, 87 
functional outcome, 83 
joint contractures, 88 
long-term follow-up, 92 
prosthetic fitting and training, 87, 89-92 
rehabilitation, 87-89 
surgical technique, 87 
weight bearing, 91-92 
Syme's sockets, 91-92 
Sympathectomy 
for causalgia, 490 

Sympathetically maintained pain syndromes, 428, 481 
Sympathetic blockade 
for causalgia, 489-490 
for reflex sympathetic dystrophy, 141, 148 
Sympathetic nervous system 

causalgia-associated changes in, 484-485 
Symptom Checklist-90 (SCL-90), 253 
Synaptic function 
modification, 212 
Synaptogenesis 

reactive, 167, 212-213 
Syndrome of Kiloh and Nevin 

See Anterior interosseous syndrome 
Synkinesis, 315 
Synthetic dressings 

for skin grafts, 593-594 
Syringomyelia 

posttraumatic, 192 
Syrinx 

acute posttraumatic, 173 

T 

Tachycardia, 333 
Tacrine 

See Tetrahydro-9-aminoacridine (THA) 

Tangential excision 

burn wound, 587-588 
Tapia's syndrome, 340 
Tardy ulnar palsy, 514, 516 
Tarsal tunnel, 532-533 
anterior, 538 

Tarsal tunnel syndrome, 531-536 
anatomic considerations, 532-533 
anterior, 538-540 
clinical presentation, 534-535 
differential diagnosis, 535 
electrodiagnosis, 535 


etiology, 533-534 
treatment, 535-536 
Tarsometatarsal amputations, 85 
disadvantages, 83 
prosthetic fitting and training, 90 
surgical technique, 86 
Tarsotarsal amputations, 85 
disadvantages, 83 
surgical technique, 86-87 
Taste buds, 310-311 
Taste sensation, 310-311 
loss, 312 

Taylor, N. L., 742 
Tay-Sachs disease, 287 
TBl 

See Traumatic brain injury (TBI) 

TBSA 

See Total body surface area (TBSA) 

TCL 

See Tibial collateral ligament (TCL) 

TC-3 socket, 131-132 
TDRL 

See Temporary Disability Retired List (TDRL) 

TDs 

See Terminal devices (TDs) 

Tearing 

excessive, 312 
Tears 

artificial, 315 

Technetium 99m bone scintigraphy 
in causalgia, 487-488, 491 
Tegaderm, 593-594, 670 
Tegapore, 591, 594 
Telephone adaptations, 620 
Telescoping 

of phantom limb sensation, 88, 143 
Temazepam, 220 
Temperature 

high ambient, 818-819 
wet-bulb globe, 819 

See also Body temperature; Cold exposure; Heating 
modalities 

Temporary Disability Retired List (TDRL), 865, 873-874, 876, 
883 

Tendinitis, 355 
Achilles, 399^00 
rehabilitation, 355 
rotator cuff, 369 

in upper extremity amputees, 61 
Tendinosis, 355 
Tendons 

function, 354 
healing phases, 354-355 
injuries, 354-355 

resistance training-induced changes in, 810 
Tendon transfers, 179 
Tenodesis grip, 179 
Tenosynovitis 

De Quervain's, 376-377 
Ten repetition maximum (TRM), 469 
TENS 

See Transcutaneous electrical nerve stimulation (TENS) 
Tensiometer 
cable, 802 

Terminal devices (TDs) 

below-elbow prostheses, 44, 53-56 
body-powered, 53, 56 
hand, 53 
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hook, 53 

myoelectric, 53, 56, 59 
recreational, 53-54 
selection of, 70-71 
vocational, 54 
World War 11-era, 35 
See also Control systems 
Terminal stretching, 604 
TES belt 

See Total elastic suspension (TES) belt 
Tetanus, 785 

Tetrahydro-9-aminoacridine (THA), 216, 218-219 

Teufel orthosis, 723-725 

THA 

See Tetrahydro-9-aminoacridine (THA) 

Theraband, 369-370, 374 
Thermal injuries, 577 

combined with electrical burns, 578-579 
Thermography 
in causalgia, 488 
Thermoplastic materials 

in above-knee prostheses, 130-131, 133 
in below-knee prostheses, 109-110 
in finger prosfheses, 39 
Thigh corsefs 

wifh side joinfs, 110-111 
Thiofhexene, 220 

Thomas M. England General Hospital, New Jersey, 80 
Thoracic outlet syndrome (TOS), 192, 366-367, 500-502 
classification, 500 
clinical presentation, 501 
differential diagnosis, 366 
electrodiagnosis, 501-502 
etiology, 500-501 
rehabilitation, 367 
treatment, 502 
Thoracic spine injuries, 169 
complications, 182, 193 
Thoracolumbar fractures, 174-175 
Thoracolumbosacral orthosis (TLSO), 175 
Thorax vascular support garment, 661 
Three-jaw chuck grasp, 40-41 
Three-state control systems 

for myoelecfric prosfheses, 66 
Throaf pain, 332-333 
Thromboembolism, 762-764 
Thrombolyfic fherapy, 762, 764 
Through-knee ampufations, 122-134 
prostheses, 132 
Thumb 

amputation levels, 37 
preservation, 36-37 
reconstruction, 36-37, 39 
scar compression, 671-672 
ulnar collateral ligament injury, 377-378 
Thumb prostheses, 39-41 
Thumb spica cast, 377 
Thyroarytenoid muscle, 333 
Thyroid ophthalmopathy, 296 
Thyrotropin-releasing hormone, 217 
Tibial beveling 
inadequate, 140 

Tibial collateral ligament (TCL), 393-394 
Tibial fractures 
stress, 397 
type me, 82-83 
Tibial nerve, 532 
Tibial neuropathy 


and ankle-foot orthoses use, 718-720 
case scenario, 493-496 
See also Tarsal tunnel syndrome 
Tic douloureux, 280, 303, 308 

of glossopharyngeal nerve, 326, 328-329 
Tics 

affer traumatic brain injury, 220 
Tilt-in-space recline wheelchair, 177 
Tilt table, 175, 603-604, 765 
Tincture of benzoin, 656-657 
TineTs sign, 140 

in anferior farsal funnel syndrome, 539 
in carpal tunnel syndrome, 511 
in superficial peroneal neuropafhy, 541 
in farsal tunnel syndrome, 534 
in ulnar neuropathy, 515 
Tinnitus, 318, 323 
Tissue complex injury, 356 
Tissue overload complex, 356-357 
Tissue proliferation 

on residual limb, 136-137 
TKA line 

See Trochanter, knee, ankle (TKA) line 
TLSO 

See Thoracolumbosacral orthosis (TLSO) 

Toe amputations, 85 

prosthetic fitting and training, 89 
surgical technique, 85 
Toe drag 

with plastic ankle-foot orthoses, 723 
Toe fillers 

for shoes, 89 
Toe flexion orfhosis, 643 
Toe fransfer 

for thumb amputation, 37 
Toileting 

adaptive aids, 679 

See also Activities of daily living (ADL) 

Tokyo Mefropolitan Rehabilifafion Center sockef, 131-132 

Tolosa-Hunf syndrome, 295 

Tongue 

disorders, 340 
evaluafion, 340-341 
exercises, 341-342 
numbness, 304 
sensory innervation, 310 
TOS 

See Thoracic outlet syndrome (TOS) 

Total Army Personnel Command (PERSCOM), 866-867 
Total body surface area (TBSA), 579-580 
estimafion, 580 

Tofal elasfic suspension (TES) belf, 131 
Tofal peripheral resistance (TPR), 790-791 
Tourniquef injuries, 690 
Tracheosfomy 

after spinal cord injury, 181 
in burn pafienfs, 599-600 
Traefion 

for back pain, 384-385 
halo skelefal, 630 

neuropafhies associafed with, 440-443, 498 
Traction frame 

for upper exfremify amputafions, 45^6 
Transcarpal amputafions, 44 

Transcutaneous elecfrical nerve sfimulation (TENS) 
acupunefure-like, 480 
for burn pain management 623 
complicafions, 480^81 
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conventional, 480 

for musculoskeletal disorders, 358 

for peripheral nerve injuries, 479^81, 490 

for phantom limb pain, 142, 147-148 

for residual limb pain, 142 

for spinal cord injured patients, 191 

technique, 480 

Transfemoral amputations, 122, 124 
bilateral, 122, 133, 148-149 
indications, 123 
surgical technique, 124 
Transfemoral sockets, 124, 129-131 
Transferable skills assessment 

in vocational rehabilitation, 855-856 
Transfer training 

for amputees, 102-104, 106 
for spinal cord injured patients, 175, 189 
Transmetacarpal amputations, 44 
Transmetatarsal amputations 
disadvantages, 86 
functional outcome, 83 
prosthetic fitting and training, 89-90 
surgical technique, 86 
Transpelvic amputations 
socket design, 132-133 
Transphalangeal amputations, 44 
Transportation 

skin traction systems for, 45-46, 83, 124 
Transfibial ampufations, 95 
complicafions, 101 
indicafions, 123 
rehabilifafion, 102, 106 
Transfibial prostheses 
suction. 111, 131 
suspension belts, 131 
Transverse amputations 
prostheses, 39 
Trapezius muscle 

and accessory neuropathies, 337-338 
Traumacal, 602 

Traumatic brain injury (TBI), 207-277 
and alcohol use, 229, 239-241, 246 
appetite dysregulation after, 217 
ataxia after, 217 

autonomic dysregulation after, 217 
behavioral dysfunction after, 212-213, 217-219, 222-223, 
228, 245-246 

case management, 228-229 
classification, 208-209, 230 
closed or nonpenetrating, 208-209 
cognitive dysfunction after, 217-219, 222-223, 228, 237- 
238, 245-246 

community based rehabilitation, 228-229 
definition, 230 
diagnosis, 230-231, 234 

early recovery management programs, 226-227 

emergency medical treatment, 225 

epidemiology, 209-210 

etiology, 208-210 

family education, 227, 255 

family oufcome, 227-228, 231, 245, 250-255 

functional oufcome, 211-213, 224 

versus head injuries, 208, 231 

home based rehabilifation, 228 

incidence, 229 

interdisciplinary team managemenf case study, 837-841 
low level neurologic states, 234-235 
management, 226, 228, 230-234 


mild, 229-234, 250 

military rehabilitation, 229-237 

model systems continuum of care, 225-229 

morbidify, 226, 234, 240 

movemenf disorders after, 220-221 

neural recovery mechanisms, 212-213 

neurobehavioral assessment 231, 237, 241-245 

neurobehavioral oufcome, 237-246 

neurobehavioral programs, 228 

neurogenic heferotopic ossification after, 221 

neuromedical issues, 217, 222-224 

nomenclature, 208-209 

ocular complications, 295, 299 

open or penetrating, 208-210 

orthoses, 704-740 

outpatient clinical services, 227-228 
outpatient rehabilitation team, 227 
Persian Gulf War, 15 

pharmacologic freatmenf, 214-222, 232-233 
prevenfion, 255 

prognostication issues, 210-212 
psychosocial outcome, 238-241 
rehabilitation, 226-227 
rehabilitation team, 225-229 
seizures after, 221-222 
sexual dysfunction after, 222 
social concerns, 235 

speech and language disorders after, 222 
surgical treatment, 225-226 
vocational rehabilitation, 228, 243, 246-250, 856 
Trazodone hydrochloride, 215-216, 220-221, 476-477 
Treadmills 

motor-driven, 800 
Tremors 

after traumatic brain injury, 220 
Trenchfoot, 443-446 
Triamcinolone, 358 
Triasmus, 304 
Triceps pad, 55 
Tricyclic antidepressants 
dosage, 476 

for peripheral neuropathy, 475-477, 491-492 

for phanfom limb pain, 146, 148 

for reflex sympathetic dystrophy, 141-142 

side effects, 476 

for spinal cord injury, 191 

for fraumatic brain injury, 214-215, 220, 222, 240 
See also specific drug 
Trigeminal evoked pofentials, 307-308 
Trigeminal nerve, 300-308 

anafomy and function, 300-303 
reflexes involving, 302-303, 305-307 
Trigeminal neuralgia 
See Tic douloureux 
Trigeminal neuropafhies, 303-304 
elecfrodiagnosis, 305 
evaluation, 304-305 
management, 308 
symptoms and signs, 304 
syndromes, 303-304 
Trigeminal sensory neuropathy, 303 
Triggering, 463 
Trigger point injections, 382 
Trimethoprim, 752 
TRM 

See Ten repetition maximum (TRM) 

Trochanter, knee, ankle (TKA) line, 127-128 
Trochanteric bursitis, 389 
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Trochlear nerve, 291-300 

anatomy and function, 291-292 
Trochlear neuropathies, 295-300 
electrodiagnosis, 299 
evaluation, 299 
imaging, 299-300 
management, 299-300 
symptoms and signs, 297-299 
syndromes, 296-297 
Tropomyosin, 783 
Troponin, 783 
Truman, Harry S, 22 
Trunk 

scar compression, 674 
L-tryptophan, 216-217, 221 
Tube feeding 

of burn pafienfs, 602 

Tubigrip exfernal vascular supporfs, 657-660, 667 
Tubifon Oedema sleeves, 613, 658-659 
Tumors 

brainsfem, 323 

cranial neuropafhies secondary to, 280, 296, 317-318 
Turkey, 28 
Twitch, 785 

Two-state control systems 

for myoelecfric prosfheses, 65-66 
Tympanomefry, 320 

u 

UCL-BC 

See Universify College of London Bioengineering Cenfer 
(UCL-BC) 

UDS 

See Ufah Dynamic Sockef (UDS) 

UE ampufafion 

See Upper exfremity (UE) ampufafions 
Ulcerations 

of residual limb, 136 
Ulcers 

in spinal cord injured pafienfs, 184-185 
sfress, 753-755 
See also Pressure sores 
Ulnar ampufations 
definifion, 40 
prostheses, 42-43 

Ulnar collaferal ligamenf injury, 377-378 
Ulnar nerve, 514, 519-520 
Ulnar neuropafhy, 438, 514-522 

anatomic considerations, 514-515, 519-520 

in burn patients, 689 

case scenario, 491-493 

clinical presentation, 515-516, 520-521 

differential diagnosis, 517, 521 

at elbow, 514-519 

electrodiagnosis, 514, 517-519, 521-522 
etiology, 516, 521 
treatment, 519, 522 
at wrist, 519-522 
Ultrasound 

Doppler color-flow, 763 
in musculoskelefal injuries, 374, 377 
sockef design with, 121, 130 
Ultrasound diathermy, 467, 746-747, 758 
Underwater weighing, 797-799 
Unit assignment 

and aerobic fitness, 804 

and disability compensation evaluation, 869-872 


and vocational rehabilitation, 847 
Unit dB, 320 
United Kingdom 

military pension laws, 864 
Royal Air Force, 7, 16, 71, 150 
spinal cord injury units, 162 
United Nations (UN), 25 

Universal Below-the-Knee Bicycle Attachment, 125 
University College of London Bioengineering Cenfer (UCL- 
BC), 121 

Unna dressings, 615, 632, 645, 656, 658-659 
Upper exfremify 

anficontracfure posifioning, 746 
scar compression, 671-673 
Upper exfremify (UE) amputations, 33-77 
activities of daily living, 50-52, 62-64 
bilateral, 61-65 

myoelecfric prosthesis use, 68-69 
nerve recovery in, 82 

nomenclature and functional levels, 43-45 
psychological support, 47, 52 
rehabilitation, 46-52 
skin traction systems, 45 
surgery principles, 45-46 

vocational rehabilitation, 38, 41^2, 47, 52, 54, 71-73 
World War 11, 34-35 

See also Above-elbow (AE) amputations; Below-elbow (BE) 
amputations; specific type of amputation 
Upper extremity nerve injuries, 496-522 
See also specific injury 
Upper extremity orthoses, 704-715 
See also specific type of orthosis 
Upper extremity prostheses 
choice of, 69-71 

hybrid (myoelecfric and body-powered), 56, 59 
posf-Civil War era, 34 
postoperative fitting, 48^9 
and residual limb problems, 61 
training of ampufee, 52, 65, 68-69 
See also specific type of prosthesis 
Urinary cafhefers 

in burn pafienfs, 585 
condom, 186-187 
in immobilized patienfs, 585 
in spinal cord injured pafienfs, 193 
Urinary inconfinence 

in spinal cord injured pafienfs, 193 
Urinary refention 

in immobilized patienfs, 585, 752 
in spinal cord injured pafienfs, 193-194 
Urinary sysfem 

effecf of immobilify on, 751-753 
Urinary fracf infecfions (UTls) 

in immobilized patienfs, 751-752 
in spinal cord injured pafienfs, 162, 181, 194-195 
Ur-Nammu, 864 
USAPDA 

See Army Physical Disabilify Agency (USAPDA) 

USAR 

See Army Reserve (USAR) 

Utah Dynamic Socket (UDS), 56 
Utah myoelectric prosthesis, 67-68 

V 

Vagus nerve, 329-335 

anatomy and function, 329-331 
muscles innervated by, 331 
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paralysis, 331 

Vagus neuropathies, 331-335 
electrodiagnosis, 333-334 
evaluation, 333 
management, 334-335 
prognosis, 334 

symptoms and signs, 332-333 
syndromes, 332 
VA hospital system 

See Veterans Affairs (VA) hospital system 
Valgus, 716-717 

knee deformity, 736-737 
Valium, 216, 220 
Valleix phenomenon, 534 
Valproic acid, 216, 220-221, 477 
Valsalva's maneuver, 192-193 

Vancouver General Hospital burn scar assessment, 662-664 
VAPC shoe clasp orthosis, 722-723, 725 
Vari-Flex Foot, 117-119 
Varus, 716 

knee deformity, 736-737 
Vascular access 

in burn patients, 584-585 
Vascular innervation 

of peripheral nerves, 428 
Vascular reconstrucfion, 82 
Vascular studies 

for ampufafion complications, 135, 139 
Vascular support 

after burn injury, 635, 645-649, 655-674 
for edema confrol, 471 
upper exfremify 671-673 
Vascular supporf garmenfs, 655-674 
adaptive aids for donning, 679-680 
custom-measured, 659-660, 665 
design, 661 
filling, 661-662 
prefabricated, 665 
sources, 664-665 
use guidelines, 662 
See also specific type of garment 
Vascular system 

of peripheral nerves, 427-428 
spinal cord injury-associated disruplion, 166 
Vasoconstriclion, 791 
Vasodilalion, 791 
Vasopressin, 218 
VASRD 

See Veterans Administralion Schedule for Rafing Disabili¬ 
ties (VASRD) 

Vegetative state 
definition, 234 
permanent, 234-235, 237 
persistent, 234-235 
prognosis, 211 
social concerns, 234-235 
stimulation programs, 235-237 
Velcro closures 

for above-knee prosfheses, 131-132 
for below-knee prostheses, 110 
for bilateral upper exfremify amputees, 64 
for hand prosfheses, 39-43 
Velfoam, 667-668 
Venography 

confrasf, 762-763 
Venous insufficiency 

after ampufafion, 137-138 
Venous stasis 


and elastic wrap support, 601 
Venous thrombosis 

See Deep venous thrombosis (DVT) 

Ventilators, 181 
Ventilatory equivalent, 789 
Ventilatory regulation 

during exercise, 788-789, 801 
Verapamil, 479 
Vernet's syndrome, 326, 336 
Verrucose hyperplasia 

of residual limb, 134, 138 
Versed 

See Midazolam 
Vertebral bodies, 167-168 
Verfigo, 319, 324 
positional, 324 
Vesicoureferal reflux 

in spinal cord injured patienfs, 193-194 
Vesfibular nerve 

anafomy and funcfion, 317 
dysfuncfion, 319, 323-324 
evaluation, 321-322 
Vestibular system, 294, 317 
Vestibulocochlear nerve, 316 
Vestibuloocular reflex, 292 
innervation, 295 
Veferans Administration 

and physical disability system, 864-865, 873 
vocational rehabilitation program, 858-859 
Veterans Administration Schedule for Rafing Disabilities 
(VASRD), 868, 872-873 
rating codes, 874-875, 881 
Veterans Affairs (VA) hospital system, 7-8, 34, 81 
brain injury treatment centers, 225-226 
spinal cord injury centers, 14, 196 
Veterans Affairs Medical Center 

upper exfremify amputee care, 50, 52 
vocational counselor, 47 
Veferans Benefif Counselor, 859 
Veferans Health Service 
kinesiotherapy, 831 
Veterans Reserve Corps, 72 
Vibration 

desensitization with, 633-634 
Vicarious functioning 

after traumatic brain injury, 212 
Vietnam Head Injury Study, 27, 210 
Vietnam War 

amputations, 10, 52, 72, 80, 134, 148, 150 
causalgia, 482 

immobility complications, 742 
peripheral nerve injuries, 447, 497 
physical therapy, 23-24 
rehabilitation services, 7-10 
return to duty during, 9, 23-24, 150 
spinal cord injuries, 162 
vocational rehabilitation case study, 847-848 
Vigabatrin, 222 
Villaret's syndrome, 340 
Vincamine, 219 
Virchow-Robin spaces, 192 
Visual acuity 

alteration, 287-289, 300 
Visual evoked potentials, 290-291 
Visual field defecfs, 287-289 
Visual field testing, 288 
Visual pafhways, 287 

symptoms and signs, 288-289 
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Visual perception, 294, 300 
Vitamins 

for burn patients, 687 
VO, 

See Oxygen consumption (VO,) 

Vocal cord paralysis, 332 
Vocational assessment, 850-857 

for brain injured pafienfs, 248-250 
and educafional experiences, 851 
family, 853-854 
funcfional, 852-853 
inferesf, 854-855 
interview, 853 

measuremenf tool validity/reliability, 851-852 

and medication effects, 851 

and nature of disabilify, 851 

and physical tolerance, 851 

sifuational, 856 

Iransferable skills, 855-856 

Vocational Interest, Experience, and Skill Assessment, 854 
Vocational outcomes 
of amputees, 150 

of brain injured pafienfs, 234, 246-250 
of spinal cord injured pafienfs, 196 
See also Return to duty 
Vocational rehabilitation, 845-861 
for amputees, 150 

for brain injured pafienfs, 228, 243, 246-250, 856 
case studies, 847-848, 850 
coordination of necessary services for, 859 
in-hospifal phase, 846-857 
for lower exfremify amputees, 84, 93, 101, 106 
posfhospifal phase, 858-859 
resisfance fo, 850 
shorf-ferm counseling in, 848-850 
for spinal cord injured pafienfs, 179-180, 195, 856 
for upper exfremify amputees, 38, 41^2, 47, 52, 54, 71-73 
Veferans Affairs program, 858-859 
Viefnam War case sfudy, 847-848 
See also Occupational therapy 
Vocational Rehabilitation Act Amendments, 6 
Vocational rehabilitation counselors 
role in interdisciplinary team, 833 
Vogel, Emma, 21-23 
Voicaid, 620-621 
Voice impairments, 332 
Volar wrist flexion confrol orfhosis, 709-710 
Volume of maximum oxygen consumption (VOjmax) 
and cardiac output, 790 
definition, 790 
in immobilized patients, 765 
measurement, 799-800 
and muscle fatigue, 786 
and oxygen transport variables, 792, 801 
response to aerobic training, 809 
values for elite afhleles, 799 
See also Aerobic capacify 
VOjmax 

See Volume of maximum oxygen consumption (VOjmax) 
"V" straps 

for above-elbow prosfheses, 57-58 

w 

Waisf belf suspension 

for above-knee prostheses, 131 
for below-knee prostheses, 97-100, 110-111 
Walkers 


for above-knee amputees, 127 
for musculoskelefal injuries, 357 
overhead, 604-605 
Walking 

See Ambulafion; Gail paffern 
Wallerian degenerafion, 431^34 
elecfrodiagnosfic findings, 460 
iniliation, 432-433 

Waller Reed Army Medical Center, 7, 10, 21, 28, 34-35, 80 
Warm-up period 

and muscle injury avoidance, 356 
War-relaled injuries 

emotional reaction to, 846-848 
Water beds, 637 
Watershed infarctions, 211 
WDR neurons 

See Wide dynamic range (WDR) neurons 
Weber's syndrome, 296 
Weber's test, 320 
Webril, 615, 630, 667 
Wechsler Adult Intelligence Scale, 195 
Wechsler Memory Scale-Local Memory subtest, 243 
Weighing 

hydrostatic (underwater), 797-799 
Weight 

of burn pafienf, 602, 688 
and immobilization, 752 
measurement, 793, 797-799 
military control programs, 793 
and muscle mass, 793 
use for resisfance framing, 812 
Weighl bearing 

after above-knee ampufations, 126 
after below-knee amputafions, 98-99, 102-103 
after Syme's amputafions, 91-92 
and musculoskelefal injuries, 357 
in spinal cord injured pafienfs, 189 
Weighf-bearing orfhoses 
ischial, 734-735 
Weighl confrol programs 

military services, 793, 795-797 
physical training in, 793-794 
Weights 

for training, 812 
Wernicke's syndrome, 296 

Western Neurosensory Stimulation Profile, 224 
Wel-bulb globe temperature (WBGT), 819 
Wheatstone bridge circuit 
wire strain gauge with, 802 
Wheelchair, 682 
controls, 177 
manual, 177 
power, 177 

pressure sores caused by, 196 
reclining, 175, 177 
selection, 177 
Wheelchair cushions, 611 
Wheelchair locomotion 

energy expenditure for, 731 
Wheelchair skills 

patient education, 102-103, 175-177 
WHFO 

See Wrist, hand, finger orfhosis (WHFO) 

Whiplash, 171, 208, 230 
While maffer, 165-166 
damage, 165-166 
White phosphorus 

burns caused by, 577-578 
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Widdowson, E. M., 742 

Wide dynamic range (WDR) neurons, 484 

Wide Range Achievement Test, 195 

Wilbur, Ray Lyman, 5 

Williams flexion exercises, 383-384, 391 

Wire strain gauge 

with Wheatstone bridge circuit, 802 
Women 

Korean War service, 23 
military body fat standards, 796, 798 
percent body fat values, 794 
physical capacity for exercise, 803-804 
reference body composifion values, 792 
World War 11 service, 22 
Women's Medical Specialisf Corps (WMSC), 23 
See also Army Medical Specialisf Corps (AMSC) 
Word deafness, 320 
Word discrimination test, 320 
Work hardening, 858 
Work hardening programs, 637 
World War 1 

amputations, 35, 81, 93, 95, 134 
cranial neuropathies, 332, 339 
disability retirement laws, 864 
musculoskeletal injuries, 11, 354 
peripheral nerve injuries, 420M21, 447 
physical reconstruction services, 4-5, 7-8 
physical therapy, 20-28, 830 
spinal cord injuries, 162 
trenchfoot, 443M46 
World War 11 

amputation centers, 7, 34-35, 52, 80-81, 149 
amputations, 34-35, 46, 71-72, 80, 93-95, 134 
causalgia, 481-482 
disability retirement laws, 864 
hand injuries, 35, 38 
immersion foot, 443-446 
immobility complications, 742 
musculoskeletal injuries, 11 
peripheral nerve injuries, 420M22, 447 
physical therapy, 21-22, 831 
rehabilitation services, 5-10 
spinal cord injuries, 162 
stress fractures, 817 
Worth Four Dot flashlight, 299 
Wound breakdown 

and immediate postoperative prostheses, 99, 102 
Wound care 

burns, 596-607 
skin grafts, 590-591 
Wound cleansing 

burns, 597-598, 627 
Wound closure 
burns, 587 

Wound contamination 

in lower extremity amputee, 81-83, 94-95, 134 
in upper extremity amputee, 46 
Wound debridement 

See Debridement; Excision 
Wound dehiscence 


after amputation, 135 
Wound healing 
delayed, 102 
phases, 595-596 

Wound maturation phase, 595-596, 631-684 
Wound protection 

for lower exfremify ampufations, 87 
for upper exfremify ampufations, 48-50 
Wright Linear Pump, 606-607, 665, 682 
Wrist 

contracture reduction, 709, 746 
positioning for burn injuries, 610 
scar compression, 672 
sfrengthening exercises, 374 
ulnar neuropathy at, 519-522 
Wrist, hand, finger orfhosis (WHFO), 611-613, 630-631 
Wrisf disarficulation, 44 
prosfheses, 44, 52 
and residual limb problems, 61 
surgical procedures, 46 
Wrisf disorders, 376-378 

See also Carpal tunnel syndrome (CTS); specific disorder 
Wrist extension assist, 710 

Wrist extensor-driven flexor hinge orfhosis, 707-709 
Wrisf-flexion unifs, 54 
Wrisf-hand orfhosis, 492, 746 

for carpal tunnel syndrome, 513 
for posferior inferosseous nerve enfrapmenf, 505 
for radial neuropafhy, 504 
Wrisf orfhoses, 709-710 
exfension assisf, 710 
volar flexion confrol, 709-710 
Wrisf unifs, 53-55, 57 
quick change, 54 
fhin fricfion, 54 
variable-fricfion, 54 
Wrifing 

adaptive devices, 621 

X 

Xeroform, 616, 638, 650 

Y 

Yohimbine, 222 
Yom Kippur War, 15 
"Y" strap 

for below-elbow prosfheses, 55 

z 

Zeifer, Walter J., 5 
Zero-shear recline wheelchair, 177 
Zimmer mesher, 590 
Zinc oxide, 656 

Zone of injury recovery, 167, 172-173 
Zone of parfial preservafion, 169 
Z-plasfy, 691 
"Z" strap attachment 

for above-elbow prosfheses, 58-59 
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